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NOVEL IMMUNOADUVANT 
FLAGELLIN-BASED COMPOUNDS AND USE 

THEREOF 

FIELD OF THE INVENTION 

0001. The present invention relates to induction and/or 
stimulation of the immune response in an individual or an 
animal. 
0002. It concerns in particular new immunoadjuvant 
compounds, useful for immunogenic and vaccine composi 
tions. 

BACKGROUND OF THE INVENTION 

0003. The development of safe and efficacious vaccines 
remains a major goal in global public health. 
0004. In particular, vaccines termed “mucosal have 
emerged as an attractive potential alternative to injectable 
vaccines. 

0005 Mucosal administration has many potentially desir 
able attributes. Perhaps the most compelling reason for 
developing mucosal vaccine delivery techniques is devel 
opment of a first line of immunity defense, by generating 
local immunity at the mucosal site of entry for many 
invading pathogens. 
0006 Moreover some investigators have reported that a 
common mucosal immune system exists, whereby mucosal 
immunity induced at one site can lead to immunity at a distal 
mucosal site (McGhee, J. R. et al. The mucosal immune 
system: from fundamental concepts to vaccine development. 
Vaccine 1992, 10:75-88). 
0007. In addition, delivery of an antigen via a mucosal 
site has the potential to generate a systemic immune 
response as well. 
0008. This suggests that significant benefits can be 
achieved by the delivering of vaccines in a non-invasive 
way, e.g. intranasally or other mucosal route, to elicit 
immunity to a wide range of pathogens that may enter at 
different mucosal sites. 

0009. The majority of the present day vaccines (mucosal 
vaccines or other) are composed of two main components: 
(i) the target antigen of therapeutic interest and (ii) immu 
noadjuvant compound(s) that stimulate and/or induce immu 
nogenicity against said antigen. 
0010. The nature of known immunoadjuvants varies 
greatly, but includes in particular mineral oils, bacterial 
extracts, live and attenuated organisms and Suspensions of 
aluminum hydroxide metals. 
0011 Even if adjuvants provide enhance immune 
responses, their use can also elicit adverse side effects, 
function notably of their administered route. Therefore, the 
numbers of adjuvants that are approved and effective in 
humans remain relatively limited. 
0012 Advances in the field of innate immunity have 
provided a better understanding of both the cellular and 
molecular mechanisms governing the regulation of the host 
immune response. 
0013 This better knowledge of immune system has 
allowed the research and development of new potential 
useful immunoadjuvants. 
0014. In particular, toll-like receptors (TLRs) are instru 
mental in the coordinated induction of innate and adaptive 
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immunity in mammals. Since TLRs are expressed by a broad 
variety of cell types, they are able to trigger immunity 
throughout the body. 
0015. Following infection by pathogenic microorgan 
isms, TLRS recognize conserved motifs referred to as 
microbe-associated molecular patterns (MAMPs). TLR 
engagement induces a gene expression program dedicated to 
both innate clearance of and acquired immunity to patho 
genic microorganisms. For instance, TLRs induce the pro 
duction of chemokines which, in turn, specifically attract the 
polymorphonuclear neutrophils (PMNs) directly involved in 
innate microbial clearance. Furthermore, TLRs promote the 
secretion of pleiotropic immune mediators (such as TNFC.) 
and the functional maturation of dendritic cells (DCs) which 
specialize in antigen presentation to lymphocytes. 
0016 Consequently, TLR agonists not only stimulate 
“broadly specific' pro-inflammatory immune responses but 
also enhance the adaptive immune response to defined 
antigens, and are thus considered to be immunoadjuvants. 
0017 Despite these potentially beneficial effects, the 
systemic toxicity of MAMPs has prompted efforts to 
develop derivatives that bias MAMP activity towards adju 
Vancy. Indeed, engineering molecules with unique proper 
ties is a major challenge in manipulating immune responses. 
0018 Bacterial flagellins (the major flagella components 
in many bacterial pathogens) are specific, unique agonists 
for TLR5 activation. 

(0019. The FliC flagellin from Salmonella enterica Sero 
var Tiphimurium (S. Tiphimurium) is the paradigm for 
studies on flagellum structure-function, immunity and TLR5 
signaling. 
0020. It is a 494 amino-acid protein with two distinct 
domains. The amino- and carboxy-terminal “conserved 
regions form a domain that is essential for TLR5 activation. 
0021. The middle domain of flagellin FliC comprises 
amino acids not mandatory for TLR5 signaling. It is desig 
nated as a “hyperVariable' region, since the primary 
sequences greatly vary in composition and size from one 
bacterial species to another. In contrast, it is known that the 
hyperVariable region is essential for flagellin antigenicity. 
0022. It has been shown that intravenous (i.v.) injection 
of flagellins promotes a systemic response, characterized by 
the production of pro-inflammatory mediators (such as 
TNFC, or IL-6) and DC activation. 
0023. Furthermore, flagellins trigger mucosa-specific 
innate and adaptive defense mechanisms. For instance, 
epithelial cell lines and lung mucosa upregulate the produc 
tion of chemokines like CXCL8 (IL-8) and CCL20 which, 
in turn, recruit mucosal PMNs and DCs, respectively. 
0024. Various authors have also reported that flagellins 
are potent systemic and mucosal immunoadjuvants that 
elicit (i) serum and/or secretory antibody responses and (ii) 
Th1 and Th2 cell responses to both the flagellins themselves 
and co-administered antigens. 
0025. Due to their potent systemic and mucosal immu 
noadjuvant activities, flagellins may be particularly interest 
ing for the development of vaccine, and in particular of 
mucosal vaccine type. 
0026. However, most of the said flagellin-type adjuvants 
are not completely suitable for Such vaccine application, and 
in particular for said mucosal vaccine strategy. 
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0027 Indeed, the known flagellin adjuvants show major 
side effects, and in particular intrinsic antigenic activity and 
systemic pro-inflammatory properties when administered in 
V1VO. 

0028 Moreover, most of the known flagellin-type immu 
noadjuvants need to be physically linked to the target 
antigen, in order to elicit a potent immune response when 
administered in vivo. This requirement obliges Supplemen 
tary complex manipulations to obtain a suitable flagellin 
antigen linkage, and the final useful immunogenic Sub 
Stance. 

0029. There is thus a need for new compounds which 
could be used as immunological adjuvants, in particular to 
induce and/or to enhance mucosal immune response against 
an antigen, notably without triggering any significant sys 
temic inflammation side effect. 
0030 These new compounds should also, advanta 
geously, be able to trigger an immune response by a simple 
mixture with the target antigen. 
0031. The present invention proposes then new immu 
noadjuvant compounds that satisfy this need, and which can 
be particularly useful for the production of immunogenic 
compositions and of vaccine (in particular of mucosal type). 

SUMMARY OF THE INVENTION 

0032. It as been found, according to the invention, novel 
peptide compounds derived from flagellin originating from 
Salmonella enterica Serovar Tiphimurium of SEQID NO 1 
type, that exhibit an in vivo immune adjuvant activity as 
illustrated in the examples herein. 
0033. It has been also shown according to the present 
invention that these novel adjuvant compounds exhibit in 
particular mucosal adjuvant properties, without exerting 
significant systemic pro-inflammatory effects. 
0034. The said new flagellin-derived compounds of the 
invention are thus particularly useful as immunoadjuvant 
Substances, advantageously to induce and/or to enhance a 
mucosal immune response. 
0035. The present invention thus relates to an immuno 
adjuvant compound comprising: 

0036) a) a N-terminal peptide having at least 90% 
amino acid identity with the amino acid sequence 
starting from the amino acid residue located at position 
1 of SEQID NO 1 and ending at an amino acid residue 
Selected from the group consisting of any one of the 
amino acid residues located at positions 99 to 173 of 
SEQ ID NO 1; and 

0037 b) a C-terminal peptide having at least 90% 
amino acid identity with the amino acid sequence 
starting at an amino acid residue selected from the 
group consisting of any one of the amino acid residues 
located at positions 401 to 406 of SEQ ID NO 1 and 
ending at the amino acid residue located at position 494 
of SEQ ID NO 1, 

0038 wherein: 
0039 the said N-terminal and C-terminal peptides are 
directly linked one to the other, or 

0040 the said N-terminal and C-terminal peptides are 
indirectly linked, one to the other, through a spacer 
chain. 

0041 Preferred embodiments of the immunoadjuvant 
compound of the invention are defined hereafter in the 
description. 
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0042. The invention also relates to a pharmaceutical 
composition comprising an immunoadjuvant compound as 
defined above (or in the following description), together 
with one or more pharmaceutically acceptable excipients. 
0043. The pharmaceutical composition according to the 
invention comprises an immunoadjuvant compound as 
defined above, together with one or more antigens. 
0044) The said pharmaceutical composition is thus 
advantageously an immunogenic composition (i.e. a com 
position which aims at inducing an immune response against 
an antigen, e.g. to produce antibodies) or a vaccine compo 
sition (i.e. a composition which aims at inducing an immune 
response in a Subject or an animal in order to treat or to 
prevent a disease). 
0045. According to a preferred embodiment, the said 
immunogenic composition or the said vaccine advanta 
geously comprises the said immunoadjuvant compound of 
the invention which is not covalently linked to the said one 
or more antigens. 
0046. The present invention also relates to the immuno 
adjuvant compound as defined above, for use as a medica 
ment (in particular to induce and/or to enhance mucosal 
adjuvant activity). 
0047. This invention also concerns the use of an immu 
noadjuvant compound according to the invention, for manu 
facturing a pharmaceutical composition, in particular for 
inducing and/or for enhancing an immune response against 
one or more antigens other than a flagellin protein (in 
particular in the mucosal compartment after administration 
by mucosal route). 
0048. This invention also relates to (i) a nucleic acid 
encoding the immunoadjuvant peptide compound as above 
disclosed, (ii) a recombinant vector comprising, inserted 
therein, the said nucleic acid, (iii) a host cell transfected or 
transformed with the said nucleic acid or with the said 
recombinant vector. 

BRIEF DESCRIPTION OF THE FIGURES 

0049 FIG. 1. Characteristics and cross-reactivity of 
hyperVariable region-deleted flagellins. 
0050 (A) A schematic 3D view of the recombinant 
flagellins. 
0051. The structure of wild-type flagellin FliC is pre 
sented in the left-hand panel using Pymol (http://www. 
pymol.org). In the monomer, terminal regions (1-170 and 
400-494) are tightly folded in C-helixes and form a struc 
tural domain involved in flagellum function. The motif 
89-96 (black) is essential for TLR5 signaling. The FliC 
“hypervariable' domain is mainly constituted of B structures 
and 13 turns. 
0052. Using Swiss-Model (http://www.expasy.org/sp 
dbV/), an overall structure was predicted for FliCA and 
FliCAzoo, showing partial and total deletion of the hyper 
variable region, respectively. 
0053 For FliCAoss, the positions of amino acids 
delineating the deletion are shown on the left-hand panel. 
FliCA 74 oo and FliCAoss contain GAAG and LELE 
linkers at the deletion junction, respectively. 
0054 (B, C) Cross-reactivity of FliC-specific sera. 
0055 Hyperimmune sera were obtained after s.c. admin 
istration of flagellin formulated with CFA for priming, 
followed by IFA boosts. Serum was titrated in ELISAs for 
FliC. FliCA204-292 to FliCA19-3s2, and FliCA174.4oo. The 
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results are representative of 2 experiments. (B) Cross 
reactivity of anti-FliC serum. (C) Cross-reactivity of anti 
FliCA1744oo serum. 
0056 Statistical significance (p-0.05 in a Mann-Whitney 

test) is indicated by an asterisk. 
0057 FIG. 2. Epithelial and mucosal pro-inflammatory 
activity of hypervariable region-deleted flagellins. 
0058 (A, B) Activation of epithelial cells by recombinant 
flagellins. 
0059 Human epithelial cells were activated with flagel 
lins FliC. FliCA204-292. FliCA19-3s2, FliCA174.4oo or 
FliOA 74 aloosoog at the indicated concentrations. Caco 
Rumbo cells harboring the reporter fusion CCL20-luc were 
activated for 6 hand luciferase activity was normalized to 
the maximal activity measured with saturating FliC levels 
(A). BEAS-2B bronchial epithelial cells were stimulated for 
16 h before measuring IL-8 levels in the supernatant. Results 
are representative of 1 of 2 independent experiments (B). 
0060 (C-D) Stimulation of the mucosal innate response 
by deleted flagellins. 
0061 Recombinant flagellins or trypsin-treated prepara 
tions (1 lug equivalent) were administrated in. to anesthe 
tized mice (n=3-5). CCL20-specific mRNA levels in the 
whole lungs were determined 2 h later using real time 
qRT-PCR (C). Six hours after instillation, BALs (black bars) 
and lungs (open bars) were sampled to measure the CCL20 
concentration (D). 
0062 Statistical significance (p-0.05) was determined in 
a Mann-Whitney test. 
0063 FIG. 3. Adjuvant effect of flagellins with hyper 
variable region deletion. 
0064 Mice (n=8) were immunized in. with ovalbumin 
(OVA)+flagellins or cholera toxin (CT) on days 1 and 21. 
0065. On day 35, OVA-specific IgG titers were measured 
in the serum (A) and BALS (B). 
0066. The concentration of OVA-specific IgA in BALs 
was determined (C). 
0067. Results are representative of 1 of 2 independent 
experiments. Statistical significance (p-0.05) was deter 
mined in a Mann-Whitney test. 
0068 FIG. 4. Intrinsic antigenic properties of flagellins 
lacking a hyperVariable region. 
0069 Mice (n=8) were immunized in. with ovalbumin 
(OVA)+flagellins or cholera toxin (CT) or LPS on days 1 
and 21. 
0070. On day 35, FliC-specific IgG titers were measured 
in the serum (A) and BALs (B). Results are representative 
of 1 of 2 independent experiments. 
0071 Statistical significance (p-0.05) was determined in 
a Mann-Whitney test. 
0072 FIG. 5. Neutralization of TLR5 signaling by flagel 
lin-specific antibodies. 
0073 NMRI mice were immunized s.c. at week 1 with 1 
ug flagellin FliC and CFA, followed by boosts at weeks 3, 
5, 7 with FliC and IFA. In mock conditions, animals were 
similarly treated with ovalbumin and adjuvants or adjuvants 
alone. Experiments were carried out at week 9. 
0074 (A) In vitro TLR5-neutralizing activity of flagellin 
specific immune serum. 
0075 Caco-Rumbo epithelial cells harboring the reporter 
construct CCL20-luc were activated for 6 h with the flagellin 
FliC incubated with 50% V/v FliC hyper-immune (open 
circles) or mock (black circles) sera. Luciferase activity was 
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determined and normalized to the activity obtained with 100 
ng/ml FliC. Results are representative of 1 of 3 independent 
experiments. 
0076 (B, C). In vivo TLR5-neutralizing activity of flagel 
lin-specific immune serum. 
0077 Immunized animals (n-3) were injected i.v. with 
PBS (black bars) or 0.1 g (grey bars) or 1 lug of flagellin 
FliC (open bars). Sera were collected 2 h later and the 
concentrations of CCL20 (B) and CXCL2 (C) were deter 
mined by ELISA. 
0078 (D) The neutralizing activity of immune serum. 
0079 Animals (n=3 per dose) were passively transferred 

i.V. with various amounts of flagellin-specific or mock 
serum, and treated 1 h later i.v. with recombinant flagellins, 
as indicated. Chennokine production in serum 2 h post 
challenge was measured by ELISA. 
0080 Statistical significance (p-0.05) was determined 
using a Mann-Whitney test. 
I0081 FIG. 6. Intranasal dose-response activity of flagel 
lins FliC and FliCAzoo. Mice (n=3-5) were instilled in. 
with various amounts of flagellins FliC (black squares) or 
FliCAzoo (open squares). The concentrations of CCL20 
(A) and CXCL2 (B) were determined 6 h later in BALs 
using an ELISA. 
I0082 Statistical significance (p-0.05) was determined in 
a Mann-Whitney U test. 
I0083 FIG. 7. Alteration of the systemic activation ability 
of hyperVariable region-deleted flagellin FliCAzoo. 
I0084 Various amounts of flagellin FliC (black squares) 
or FliCAzoo (open Squares) were administrated i.V. The 
concentrations of CCL20 (A) and CXCL2 (B) were deter 
mined 2 h later in the serum using an ELISA. 
I0085 Statistical significance (p-0.05) was determined in 
a Mann-Whitney test. 
I0086 FIG. 8: SDS PAGE analysis of various recombi 
nant hyperVariable region-deleted flagellins 
I0087 FIG. 8 consists of a photograph of a SDS PAGE 
electrophoresis of recombinantly produced FliCAzoo, 
FliCA161-40s, FliCaissaos and FliCaloo.aos after staining 
with Coomassie blue. 
I0088 FIG. 9: Immunoblot analysis of various recombi 
nant hyperVariable region-deleted flagellins 
I0089 FIG. 9 consists of a photograph of a Western blot 
electrophoresis of recombinantly produced FliCAzoo, 
FliCA161-40s, and FliCaissaos and FliCaloo.aos after staining 
with anti-FliC antibodies. 

(0090 FIG. 10: Induction of CCL20 chemokine produc 
tion by various recombinant hypervariable region-deleted 
flagellins Stimulation of the systemic innate response by 
deleted flagellins. 
0091 Recombinant flagellins or trypsin-treated prepara 
tions (10 ug equivalent) were administrated i.p. to mice 
(n=2). Two hours after injection, serum were sampled to 
measure the CCL20 concentration. 

0092 FIG. 11: Induction of CXCL2 chemokine produc 
tion induction by various recombinant hyperVariable region 
deleted flagellins 
0093 Stimulation of the systemic innate response by 
deleted flagellins. 
0094. Recombinant flagellins or trypsin-treated prepara 
tions (10 ug equivalent) were administrated i.p. to mice 
(n=2). Two hours after injection, serum were sampled to 
measure the CXCL2 concentration. 
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0095 FIG. 12: Adjuvant effect of recombinant FliCA. 
400 for immunisation against the gp140 antigen from the 
HIV virus. 
0096 Mice (n-6) were immunized in. with gp140 (5 
ug):tflagellins (1 lug) on days 1 and 21. 
0097. On day 35, gpP140-specific IgG titers were mea 
Sured in the serum (closed symbols) and BALS (open 
symbols). Results are representative of 1 of 2 independent 
experiments. 
0098 FIG. 13: Chromatography profile at 280 nm of a 
purification cycle of FliC on an immunoaffinity substrate 
onto which anti-FliCA, a mouse monoclonal antibodies 
have been immobilized. 
0099 FIG. 14: Electrophoresis analysis of various chro 
matography fractions collected during a purification cycle of 
FliC on an immunoaffinity substrate onto which anti 
FliCA, a mouse monoclonal antibodies have been immo 
bilized 
0100 FIG. 14 consists of a photograph of a SDS PAGE 
electrophoresis of fractions collected as depicted in FIG. 13 
after staining with Coomassie blue. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0101. According to the present invention novel com 
pounds have been shown to induce an in target antigen, 
when the said novel compounds are administered with the 
suitable corresponding antigens). 
0102) Notably, it has been shown herein that the novel 
adjuvant compounds of the invention exert their immuno 
adjuvant properties also after intranasal administration to 
mice. The said immunoadjuvant compounds of the invention 
are thus able to potentiate systemic and mucosal immune 
response. 

0103. It has also been demonstrated that the said flagel 
lin-derived immunoadjuvant compound of the invention has 
TLR5-mediated mucosal adjuvant properties, with in vivo 
mucosa pro-inflammatory effect, but do not shows any 
significant systemic pro-inflammatory side effect after sys 
temic injection. 
0104 Moreover, the results contained in the examples 
herein show that the said flagellin-derived immunoadjuvant 
compound does not show significant intrinsic antigenic 
effect, i.e. the molecule of interest prevents or attenuates the 
potency to trigger flagellin-specific antibodies, notably into 
serum or bronchoalveolar lavage (BAL) when administered 
by intranasal route. The above results show that the said 
flagellin-derived immunoadjuvant compound of the inven 
tion may be used as an effective adjuvant of the immune 
response, especially for inducing mucosal immune 
responses. 
0105. The said peptide compound can thus be useful 
notably when it is comprised in (i) a mucosal vaccine 
compositions to prevent or to treat diseases by inducing a 
mucosal immune response within the Subject organism 
body, or in (ii) an immunogenic composition for enhancing 
or triggering an immune response against a desired antigen. 
0106. In particular, as shown in the Examples herein, the 
inventors have found that, unexpectedly, TLR5 signaling is 
compartmentalized, since new particular FliCA74 oo flagel 
lin (i.e. a flagellin-derived peptide whereof peptide sequence 
SEQ ID NO 1 from the Salmonella enterica Serovar Tiph 
imurium ATCC 14028 flagellin FliC is deleted from position 
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174 to position 400) stimulates immunity in the mucosa but 
is devoid of any significant systemic pro-inflammatory 
effect. 
I0107 The inventors have also established that FliCA 
400 flagellin has prominent beneficial properties, due to its 
poor capacity to generate neutralizing fliC-specific antibod 
1CS 

0108. In addition, it has been found herein that FliCA 
174-400 flagellin is strongly attenuated for systemic signaling 
compared with wild type flagellin, whereas mucosal activity 
was unaffected. 
0109. It has also been shown herein that other hyerVari 
able region-deleted flagellins, including FliCAaos, and 
FliCAssaos are endowed with immunoadjuvant properties. 
0110. Immunoadjuvant Peptides of the Invention 
0111. The findings allow the inventors to design a peptide 
family, which should have the same properties and advan 
tages as FliCA174.4oo, FliCA161-40s, and FliCaissaos flagel 
lins. 
0112 The said peptide family is defined starting from 
FliCA74.400. FliCA-61-aos, and FliCAssaos flagellins stud 
ied in the Examples herein, and based on flagellin peptide 
sequence SEQID NO 1 and on the crystallographic structure 
of the peptide, to predict truncated versions that could have 
remaining TLR5-stimulating activity. 
0113. The present invention relates thus advantageously 
to the immunoadjuvant compound comprising: 
0114 a) a N-terminal peptide having an amino acid 
sequence starting from the amino acid residue located at 
position 1 of SEQ ID NO 1 and ending at an amino acid 
residue selected from the group consisting of any one of the 
amino acid residues located at positions 99 to 173 of SEQID 
NO 1; and 
0115 b) a C-terminal peptide having an amino acid 
sequence starting at an amino acid residue selected from the 
group consisting of any one of the amino acid residues 
located at positions 401 to 406 of SEQID NO 1 and ending 
at the amino acid residue located at position 494 of SEQID 
NO 1 wherein: 

0116 the said C-terminal peptide is directly linked to 
the N-terminal peptide, or 

0.117 the said N-terminal peptide and the C-terminal 
peptide are indirectly linked, one to the other, through 
an intermediate spacer chain. 

0118 Comprises/comprising and grammatical variations 
thereof when used in this specification are to be taken to 
specify the presence of stated features, integers, steps or 
components or groups thereof, but do not preclude the 
presence or addition of one or more other features, integers, 
steps, components or groups thereof. 
0119 The compound of the invention may be inter 
changeably termed herein “immunoadjuvant compound” or 
“flagellin-derived peptide'. 
0.120. By “immunoadjuvant compound, it is understood 
that the flagellin-derived peptide of the invention can induce 
and/or enhance the immune response against an antigen 
when administered to a Subject or an animal. 
0.121. It is also intended to mean a substance that acts 
generally to accelerate, prolong, or enhance the quality of 
specific immune responses to a specific antigen. 
I0122. As described therein, the said immunoadjuvant 
compound can be used in a vaccine or immunogenic com 
position, together with one or more antigens and pharma 
ceutically acceptable excipients. 
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(0123. The peptide sequence of SEQ ID NO 1 above 
mentioned is originating from the Salmonella enterica Sero 
var Tiphimurium ATCC 14028 flagellin FliC (accession 
number AAL20871). 
0.124 Polypeptide numbering starts at the first amino 
acid after the eventual N-terminal methionine (not shown in 
SEQ ID NO 1), which is typically excised by methionine 
aminopeptidase in bacteria host cells as under-mentioned. 
0.125. The N-terminal and C-terminal peptides of the 
flagellin-derived peptide of the invention have advanta 
geously at least 90%, and even more, amino acid identity 
with the corresponding amino acid sequence portion of SEQ 
ID NO 1. 
0126 Descriptions of identity and how this may be 
determined are well known to those skilled in the art. 
0127 AS intended herein, a given amino acid sequence of 
interest possesses 90% or more identity with a reference 
amino acid sequence when the said amino acid sequence of 
interest possesses at least 90%, 91%, 92%, 93%, 94%, 95%, 
69%, 97%, 98%, 99% or 99.5% amino acid identity with the 
said reference amino acid sequence. 
0128. To determine the percent of identity between two 
amino acid sequences, the sequences are aligned for optimal 
comparison purposes. For example, gaps can be introduced 
in one or both of a first and a second amino acid sequence 
for optimal alignment and non-homologous sequences can 
be disregarded for comparison purposes. 
0129. For optimal comparison purposes, the percent of 
identity of two amino acid sequences can be achieved with 
CLUSTALW (version 1.82) with the following parameters: 
(1) CPU MODE=ClustalW mp. (2) 
ALIGNMENT=<full->; (3) OUTPUT FORMAT=<aln 
w/numbers>>; (4) OUTPUT ORDER=<aligned>; (5) 
COLOR ALIGNMENT=<no->; (6) KTUP (word size) 
=<defaultd; (7) WINDOW LENGTH=<defaulted; (8) 
SCORE TYPE=percent>; (9) TOPDIAG=<defaultd; 
(10) PAIRGAP=<defaultd; (11) PHYLOGENETIC 
TREEATREE TYPE=<noneD: (12) 
MATRIX=<defaultd: (13) GAP OPEN=<defaultd; 
(14) END GAPS=<defaultd; (15) GAP 
EXTENSION=<defaultd; (16) GAP 
DISTANCES=<defaultd; (17) TREE 
TYPE=<cladogram> et (18) TREE GRAP 
DISTANCES=<<hide>>. 
0130. In particular, it is understood that minor modifica 
tions can be made without destroying the advantages and 
activity of the flagellin-derived peptide of the invention. 
0131 Such modifications are included within the mean 
ing of the terms “immunoadjuvant compound' or "flagellin 
derived peptide' of the invention so long as the particular 
immune activity are preserved, in particular the TLR5 
mediated mucosal adjuvant properties without any signifi 
cant systemic pro-inflammatory side effect. 
0132. Further, various molecules can be attached, cova 
lently or not covalently, to the flagellin-derived peptide of 
the invention, including for example, other polypeptides, 
carbohydrates, nucleic acids or lipids. 
0133. These attached molecules consist eventually in the 
antigen against which the immune response is sought. Such 
modifications are included within the definition of the inven 
tion. 

0134 Minor modifications can also concern, for 
example, conservative Substitutions of naturally occurring 
amino acids and as well as structural alterations which 
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incorporate non-naturally occurring amino acids, amino acid 
analogs and functional mimetics. For example, a Lysine 
amino acid residue is considered to be a conservative 
Substitution for the Arginine amino acid residue. 
0.135 Thus, as intended herein, a first polypeptide having 
at least 90% amino acid identity with a second polypeptide 
of reference encompass first polypeptides comprising one or 
more amino acid differences as compared to the second 
polypeptide of reference and wherein the said amino acid 
differences are selected from the group consisting of (i) one 
or more amino acid Substitutions, (ii) one or more amino 
acid deletions and (iii) one or more amino acid additions, or 
any combination of (i), (ii) and (iii). 
0.136 Generally, the invention thus encompass variant 
polypeptides having one or more amino acid Substitutions, 
deletions or additions, as compared to a polypeptide of 
reference, preferably 1, 2, 0.3, 4, 5, 6, 7, 8, 9, or 10 amino 
acid substitutions, and/or 1, 2, 0.3, 4, 5, 6, 7, 8, 9, or 10 
amino acid deletions and/or 1, 2, 0.3, 4, 5, 6, 7, 8, 9, or 10 
amino acid additions as compared to the polypeptide of 
reference. 
0.137 Those skills in the art know or can determine what 
structure constitutes functionally equivalent amino acid ana 
logs and amino acid mimetics. 
0.138. As above-mentioned, the C-terminal and N-termi 
nal peptides of flagellin-derived peptide of the invention can 
be directly linked, advantageously covalently by a peptide 
bond. 
0.139. In an alternative embodiment, the said N-terminal 
and C-terminal peptides of the flagellin-derived peptide of 
the invention are indirectly linked, one to the other, through 
a spacer chain. 
0140. The spacer chain should be chosen so as not to 
interfere with the biological activity of the final compound 
and also so that immunogenicity of the final compound is not 
significantly increased. 
0.141. The spacer chain is preferably made up of amino 
acids linked together by peptide bonds, and linked cova 
lently between the N-terminal and C-terminal sequences of 
the flagellin-derived peptide of the invention. Thus, in 
preferred embodiments, the spacer chain comprises from 1 
to 20 amino acids linked by peptide bonds, wherein the 
amino acids are selected from the 20 naturally-occurring 
amino acids. In a more preferred embodiment, the 1 to 20 
amino acids are selected from Gly, Ala, Pro, ASn, Gln, Cys, 
Lys. Even more preferably, the spacer chain is made up of 
NH-Gly-Ala-Ala-Gly-COOH sequence. 
0142. Non-peptide linkers are also possible: for example, 
alkyl linkers. These alkyl linkers may further be substituted 
by any non-sterically hindering group, lower acyl, halogen, 
CN. NH2, phenyl, etc. Another type of non-peptide linker is 
a polyethylene glycol group. 
0143. The one skill in the art well knows these spacer 
chains, and can choose the Suitable spacer chain, notably 
depending of the N-terminal peptide and C-terminal peptide 
sequences he has to link one to the other. 
0144. Moreover, the asparagine amino acid residue of the 
C-terminal sequence, located at amino acid position 488 of 
SEQ ID NO 1, is advantageously replaced by a serine 
residue. 

(0145 This substitution has been introduced to mark 
specifically flagellin-derived peptide of the invention. Such 
substitution occurs naturally in flagellins of other bacterial 
species like Legionnela pneumophila, without altering the 
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TLR5-stimulating activity. Other substitutions can be intro 
duced in positions that do not alter the adjuvant TLR5 
stimulating activity to further mark the flagellin-derived 
peptide of the invention. 

Preferred Embodiments of the Flagellin-Derived 
Peptide of the Invention 

0146 According preferred embodiments, in view of the 
flagellin peptide sequence SEQ ID NO 1 and of the crys 
tallographic structure, the N-terminal peptide of the immu 
noadjuvant compound of the invention is advantageously 
selected from the group consisting of the amino acid 
sequences 1-99, 1-137, 1-160 and 1-173 of SEQ ID NO 1. 
0147 In particular, the 30 structure of flagellin FliC 
shows that N-terminal domain is organized in 3 alpha 
helixes separated by beta-turns followed by beta-sheets and 
beta turns. Retaining part(s) of this secondary structures at 
the N-terminus may be sufficient to retain TLR5-stimulating 
activity (and in particular mucosal TLR5-stimulating activ 
ity), i.e. the amino acid sequences 1-99 of SEQ ID NO 1 
contains the first 2 alpha-helixes, the amino acid sequences 
1-137 of SEQID NO 1 contains the first 3 alpha-helixes and 
the amino acid sequences 1-173 of SEQ ID NO 1 contains 
the N-terminal structures found in FliCAzoo flagellin. 
0148. In further preferred embodiments, the said C-ter 
minal peptide of the immunoadjuvant compound is selected 
from the group consisting of the amino acid sequences 
401-494 and 406-494 of SEQ ID NO 1. 
0149. In particular, the 3D structure of flagellin FliC 
shows that C-terminal domain is organized in 2 alpha 
helixes separated by beta-turns. Retaining part(s) of these 
secondary structures at the N-terminus may be sufficient to 
retain TLR5-stimulating activity (and in particular mucosal 
TLR5-stimulating activity): the amino acid sequences 401 
494 of SEQID NO 1 is the sequence found in FliCAzoo 
flagellin whereas the amino acid sequences 406-494 of SEQ 
ID NO 1 contains only the two C-terminal alpha-helixes 
secondary. 
0150. In certain preferred embodiments, the N-terminal 
peptide of the immunoadjuvant compound of the invention 
consists of the amino acid sequence starting at the Alanine 
residue located at position 1 of SEQID NO 1 and ends at an 
amino acid residue located at a position of SEQ ID NO 1 
selected from the group consisting of the amino acid resi 
dues located at positions 137, 138, 139, 140, 141, 142, 143, 
144, 145, 146, 147,148, 149, 150, 151, 152, 153, 154, 155, 
156, 157, 158, 159, 160, 161, 162, 163, 164, 165, 166, 167, 
168, 169, 170, 171, 172 and 173 In certain preferred 
embodiments, the C-terminal peptide of the immunoadju 
vant compound of the invention consists of the amino acid 
sequence starting at an amino acid residue located at a 
position of SEQID NO 1 selected from the group consisting 
of the amino acid residues located at positions 401, 402, 403, 
404, 405 and 406, and ends at the Arginine residue located 
at position 494 of SEQ ID NO 1. 
0151. In a specific aspect of these preferred embodiments 
the said N-terminal peptide and the said C-terminal peptide 
of the immunoadjuvant compound of the invention are 
advantageously linked, one to the other, through the NH 
Gly-Ala-Ala-Gly-COOH above-mentioned spacer chain 
(i.e. in substitution of the deleted sequence 174-400); the 
asparagine amino acid residue located at position 488 of 
SEQID NO 1 is also advantageously substituted by a serine 
residue. 
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0152 Illustrative embodiments of such immunoadjuvant 
compounds describe above encompass FliCA74 aloo, 
FliOA61-40s, and FliCaissaos that are shown in the 
examples herein; and which are also described in more detail 
hereunder. 

0153. In a yet further embodiment, the said N-terminal 
and C-terminal peptides of the immunoadjuvant compound 
of interest consist of the amino acid sequences 1-173 and 
401-494 of SEQ ID NO 1, respectively. 
0154. In a still further embodiment, the said N-terminal 
and C-terminal peptides of the immunoadjuvant compound 
of interest consist of the amino acid sequences 1-160 and 
406-494 of SEQ ID NO 1, respectively. 
0.155. In a yet further embodiment, the said N-terminal 
and C-terminal peptides of the immunoadjuvant compound 
of interest consist of the amino acid sequences 1-137 and 
406-494 of SEQ ID NO 1, respectively. 
0156. In some embodiments, the immunoadjuvant com 
pounds according to the invention comprise an additional 
methionine residue at their N-terminal end, especially when 
these compounds are produced as recombinant proteins in 
bacterial cells. 

0157. In the embodiment wherein the said N-terminal and 
C-terminal peptides of the immunoadjuvant compound of 
interest consist of the amino acid sequences 1-173 and 
401-494 of SEQ ID NO 1, the flagellin-derived peptide of 
the invention consists of the amino acid sequence SEQ ID 
NO 1, deleted from the amino acid sequence extending from 
amino acid position 174 to amino acid position 400. The 
flagellin-peptide sequence of the invention is also termed in 
the present description "FliCA74 oo or “FliCA74 oo 
flagellin'. 
0158. According to a preferred embodiment, the said 
N-terminal peptide and the said C-terminal peptide of the 
immunoadjuvant compound of the invention are advanta 
geously linked, one to the other, through the NH-Gly-Ala 
Ala-Gly-COOH above-mentioned spacer chain (i.e. in sub 
stitution of the deleted sequence 174-400); the asparagine 
amino acid residue located at position 488 of SEQID NO 1 
is also advantageously substituted by a serine residue. 
0159. The flagellin-derived peptide of the invention thus 
obtained is a 271 amino acid sequence, whereof the peptide 
sequence consists in SEQ ID NO 2. 
0160 Polypeptide numbering starts at the first amino 
acid after the eventual N-terminal methionine (not shown in 
SEQ ID NO 2), which is typically excised by methionine 
aminopeptidase in bacteria host cells as under-disclosed. 
0.161. In the embodiment wherein the said N-terminal and 
C-terminal peptides of the immunoadjuvant compound of 
interest consist of the amino acid sequences 1-160 and 
406-494 of SEQ ID NO 1, the flagellin-derived peptide of 
the invention consists of the amino acid sequence SEQ ID 
NO 1, deleted from the amino acid sequence extending from 
amino acid position 161 to amino acid position 405. The 
flagellin-peptide sequence of the invention is also termed in 
the present description "FliCAaos' or “FliCAos 
flagellin'. 
0162 According to a preferred embodiment, the said 
N-terminal peptide and the said C-terminal peptide of the 
immunoadjuvant compound of the invention are advanta 
geously linked, one to the other, through the NH-Gly-Ala 
Ala-Gly-COOH above-mentioned spacer chain (i.e. in sub 
stitution of the deleted sequence 161-405); the asparagine 
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amino acid residue located at position 488 of SEQID NO 1 
is also advantageously substituted by a serine residue. 
0163 The flagellin-derived peptide of the invention thus 
obtained is a 253 amino acid sequence, whereof the peptide 
sequence consists in SEQ ID NO 25. 
0164 Polypeptide numbering starts at the first amino 
acid after the eventual N-terminal methionine (not shown in 
SEQ ID NO 25), which is typically excised by methionine 
aminopeptidase in bacteria host cells as under-disclosed. 
0165. In the embodiment wherein the said N-terminal and 
C-terminal peptides of the immunoadjuvant compound of 
interest consist of the amino acid sequences 1-137 and 
406-494 of SEQ ID NO 1, the flagellin-derived peptide of 
the invention consists of the amino acid sequence SEQ ID 
NO 1, deleted from the amino acid sequence extending from 
amino acid position 138 to amino acid position 405. The 
flagellin-peptide sequence of the invention is also termed in 
the present description "FliCAssaos' or “FliCAssaos 
flagellin'. 
0166 According to a preferred embodiment, the said 
N-terminal peptide and the said C-terminal peptide of the 
immunoadjuvant compound of the invention are advanta 
geously linked, one to the other, through the NH-Gly-Ala 
Ala-Gly-COOH above-mentioned spacer chain (i.e. in sub 
stitution of the deleted sequence 138-405); the asparagine 
amino acid residue located at position 488 of SEQID NO 1 
is also advantageously substituted by a serine residue. 
0167. The flagellin-derived peptide of the invention thus 
obtained is a 230 amino acid sequence, whereof the peptide 
sequence consists in SEQ ID NO 26. 
0168 Polypeptide numbering starts at the first amino 
acid after the eventual N-terminal methionine (not shown in 
SEQ ID NO 26), which is typically excised by methionine 
aminopeptidase in bacteria host cells as under-disclosed. 
0169. In the embodiment wherein the said N-terminal and 
C-terminal peptides of the immunoadjuvant compound of 
interest consist of the amino acid sequences 1-99 and 
406-494 of SEQ ID NO 1, the flagellin-derived peptide of 
the invention consists of the amino acid sequence SEQ ID 
NO 1, deleted from the amino acid sequence extending from 
amino acid position 100 to amino acid position 405. The 
flagellin-peptide sequence of the invention is also termed in 
the present description “FliCAoolos' or “RCAoo.aos flagel 
lin. 
0170 According to a preferred embodiment, the said 
N-terminal peptide and the said C-terminal peptide of the 
immunoadjuvant compound of the invention are advanta 
geously linked, one to the other, through the NH-Gly-Ala 
Ala-Gly-COOH above-mentioned spacer chain (i.e. in sub 
stitution of the deleted sequence 100-405); the asparagine 
amino acid residue located at position 488 of SEQID NO 1 
is also advantageously substituted by a serine residue. 
0171 The flagellin-derived peptide of the invention thus 
obtained is a 192 amino acid sequence, whereof the peptide 
sequence consists in SEQ ID NO 27. 
0172 Polypeptide numbering starts at the first amino 
acid after the eventual N-terminal methionine (not shown in 
SEQ ID NO 27), which is typically excised by methionine 
aminopeptidase in bacteria host cells as disclosed below. 
0173 Synthesis of the Immunoadjuvant Peptide of the 
Invention 
0.174. The flagellin-derived peptide of the invention may 
be synthesised by recombinant cells obtained by genetic 
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engineering, or by any one of the methods for chemical or 
enzyme peptide synthesis, that are well known from the one 
skilled in the art. 
(0175 1. Synthesis by Recombinant Cells 
0176 The flagellin-derived peptide according to the 
invention may be recombinantly produced by recombinant 
cells that have been transfected with a nucleic acid that 
encodes its amino acid sequence and allows its effective 
production within the transfected cells. 
0177. Nucleic Acid Sequence Encoding Flagellin-De 
rived Peptide of the Invention 
0.178 The modifications of the said flagellin peptide 
sequence can be generates using recombinant DNA muta 
genesis techniques. 
0179. Numerous methods for constructing and modifying 
DNA sequence, are known to those skilled in the art, and the 
choice of the said recombinant methods will be known by 
those skilled in the art. 
0180. The “recombinant mutagenesis' techniques com 
prise, for example, site directed mutagenesis and PCR 
mutagenesis (see in particular Current Protocols in Molecu 
lar Biology, 2007 by John Wiley and Sons, Inc., Chapter 8 
and 15). 
0181. The said polymerase chain reaction (PCR) is par 
ticularly useful for a wide range of mutation procedures and 
applications. PCR mutagenesis procedures make it possible 
to modify and engineer any target DNA easily and effi 
ciently. This includes the introduction of, for example, point 
mutations, deletions or insertions. 
0182. These techniques are implemented, for example, 
on the wild type fliO gene of SEQ ID NO 3, isolated from 
the S. Tiphimurium strains ATCC 14028 which encode the 
flagellin peptide identified by SEQ ID NO 1. 
0183 In a preferred embodiment, the fliC gene above 
mentioned is deleted for a central portion of its length by 
PCR mutagenesis (see in particular Current Protocols in 
Molecular Biology, 2007 by John Wiley and Sons, Inc., 
Chapter 8 and 15), by using Suitable primer pairs chosen in 
function of the desired N-terminal and C-terminal sequences 
searched for the peptide of the invention. 
0.184 For example, based on a pBR322-derived plasmid 
harbouring the said wild type fliC gene of SEQ ID NO 3. 
under the control of its own promoter, the following primer 
pairs may be used in PCR mutagenesis technique: 

0185. SEQID NO.4 and SEQID NO 5, for N-terminal 
and C-terminal peptides consisting of the amino acid 
sequences 1-99 and 401-494 of SEQ ID NO 1, respec 
tively; 

0186 SEQID NO 4 and SEQID NO 6, for N-terminal 
and C-terminal peptides consisting of the amino acid 
sequences 1-99 and 406-494 of SEQ ID NO 1, respec 
tively; 

0187 SEQID NO 7 and SEQID NO 5, for N-terminal 
and C-terminal peptides consisting of the amino acid 
sequences 1-137 and 401-494 of SEQID NO 1, respec 
tively; 

0188 SEQID NO 7 and SEQID NO 6, for N-terminal 
and C-terminal peptides consisting of the amino acid 
sequences 1-137 and 406-494 of SEQID NO 1, respec 
tively; 

(0189 SEQID NO 8 and SEQID NO 5, for N-terminal 
and C-terminal peptides consisting of the amino acid 
sequences 1-160 and 401-494 of SEQID NO 1, respec 
tively; 
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(0190 SEQID NO 8 and SEQID NO 6, for N-terminal 
and C-terminal peptides consisting of the amino acid 
sequences 1-160 and 406-494 of SEQID NO 1, respec 
tively; 

(0191 SEQID NO 9 and SEQID NO 5, for N-terminal 
and C-terminal peptides consisting of the amino acid 
sequences 1-173 and 401-494 of SEQID NO 1, respec 
tively; 

(0192 SEQID NO 9 and SEQID NO 6, for N-terminal 
and C-terminal peptides consisting of the amino acid 
sequences 1-173 and 406-494 of SEQID NO 1, respec 
tively. 

0193 To change the asparagine of position 488 of SEQ 
ID NO 1 into a serine, for example, it can be used site 
directed-mutagenesis with the following primers SEQ ID 
NO 10 and SEQ ID NO 11. 
(0194 To introduce the NH-Gly-Ala-Ala-Gly-COOH 
linker at the junction 1-99, 1-137, 1-160 or 1-173 with 
401-494 or 406-494 of the flagellin recombinant peptides, 
the following DNA sequence GGTGCAGCTGGA may be 
added at 5' end of primer sequences SEQID NO 5 and SEQ 
ID NO 6, giving rise to primers termed, respectively, 
“F-linker-401” of sequence SEQ ID NO 12 and “F-linker 
406” of sequence SEQ ID NO 13. 

(0195 The DNA sequence suitable to produce the 
flagellin derived peptide of the invention FliCAzoo, 
is for example of sequence SEQ ID 14. 

0196. A nucleic acid suitable to produce the flagellin 
derived peptide of the invention FliCAaos, is for 
example of sequence SEQ ID 28. 

0.197 A nucleic acid suitable to produce the flagellin 
derived peptide of the invention Flic Assaos, is for 
example of sequence SEQ ID 29. 

0198 A nucleic acid suitable to produce the flagellin 
derived peptide of the invention FliCAcolaos, is for 
example of sequence SEQID 30. 

(0199 Selection and Use of a Replicable Vector 
0200. The nucleic acid sequence disclosed herein, encod 
ing the flagellin-derived peptide of interest, may be inserted 
into a replicable vector for cloning (amplification of the 
DNA) or for expression. 
0201 Various vectors are publicly available. The vector 
may, for example, be in the form of a plasmid, cosmid, viral 
particle, or phage. The appropriate nucleic acid sequence 
may be inserted into the vector by a variety of procedures. 
In general, DNA is inserted into an appropriate restriction 
endonuclease site(s) using techniques known in the art. 
0202 Vector components generally include, but are not 
limited to, one or more of a signal sequence if the sequence 
is to be secreted, an origin of replication, one or more marker 
genes, an enhancer element, a promoter, and a transcription 
termination sequence. 
0203 Construction of suitable vectors containing one or 
more of these components employs standard ligation tech 
niques that are known to the skilled artisan. 
0204 The flagellin-derived peptide of interest may be 
produced recombinantly not only directly, but also as a 
fusion polypeptide with a heterologous polypeptide, which 
may be a signal sequence or other polypeptide having a 
specific cleavage site at the N-terminus of the mature protein 
or peptide. In general, the signal sequence may be a com 
ponent of the vector, or it may be a part of the DNA encoding 
the polypeptide of interest that is inserted into the vector. 
The signal sequence may be a prokaryotic signal sequence 
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selected, for example, from the group of the alkaline phos 
phatase, penicillinase, Ipp, or heat-stable enterotoxin II 
leaders. For yeast secretion the signal sequence may be, e.g., 
the yeast invertase leader, alpha factor leader (including 
Saccharomyces and Kluyveromyces.alpha.-factor leaders, 
the latter described in U.S. Pat. No. 5,010,182), or acid 
phosphatase leader, the C. albicans glucoamylase leader (EP 
362,179 published 4 Apr. 1990), or the signal described in 
WO 90/13646 published 15 Nov. 1990. In mammalian cell 
expression, mammalian signal sequences may be used to 
direct secretion of the protein, Such as signal sequences from 
secreted polypeptides of the same or related species, as well 
as viral Secretory leaders. 
0205 Both expression and cloning vectors contain a 
nucleic acid sequence that enables the vector to replicate in 
one or more selected host cells. Such sequences are well 
known for a variety of bacteria, yeast, and viruses. The 
origin of replication from the plasmid p3R322 is suitable for 
most Gram-negative bacteria, the 2.mu. plasmid origin is 
Suitable for yeast, and various viral origins (5V40, polyoma, 
adenovirus, VSV, or BPV) are useful for cloning vectors in 
mammalian cells. 
0206 Expression and cloning vectors will typically con 
tain a selection gene, also termed a selectable marker. 
Typical selection genes encode proteins that (a) confer 
resistance to antibiotics or other toxins, e.g., ampicillin, 
neomycin, methotrexate, or tetracycline, (b) complement 
auxotrophic deficiencies, or (c) supply critical nutrients not 
available from complex media, e.g., the gene encoding 
D-alanine racemase for Bacilli. 
0207. An example of suitable selectable markers for 
mammalian cells are those that enable the identification of 
cells competent to take up the nucleic acid encoding the 
flagellin-derived peptide of interest such as DHFR or thy 
midine kinase. An appropriate host cell when wild-type 
DHFR is employed is the CHO cell line deficient in DHFR 
activity, prepared and propagated as described by Urlaub et 
al., Proc. Natl. Acad. Sci. USA, 77: 4216 (1980). A suitable 
selection gene for use in yeast is the trp 1 gene present in the 
yeast plasmid YRp7. Stinchcomb et al., Nature, 282: 39 
(1979); Kingsman et al., Gene, 7: 141 (1979); Tschemper et 
al, Gene, 10: 157 (1980). The trp 1 gene provides a selection 
marker for a mutant strain of yeast lacking the ability to 
grow in tryptophan, for example, ATCC No. 44076 or 
PEP4-1. Jones, Genetics, 85: 12 (1977). 
0208 Expression and cloning vectors usually contain a 
promoter operably linked to the nucleic acid sequence 
encoding the flagellin-derived peptide to direct mRNA syn 
thesis. Promoters recognized by a variety of potential host 
cells are well known. Promoters suitable for use with 
prokaryotic hosts include the beta-lactamase and lactose 
promoter systems (Chang et al., Nature, 275: 615 (1978); 
Goeddel et al., Nature, 281: 544 (1979)), alkaline phos 
phatase, a tryptophan (tip) promoter system (Goeddel, 
Nucleic Acids Res., 8:4057 (1980); EP 36,776), and hybrid 
promoters such as the tac promoter (deBoer et al., Proc. Natl. 
Acad. Sci. USA, 80: 21-25 (1983)). promoters for use in 
bacterial systems also will contain a Shine-Dalgarno (S.D.) 
sequence operably linked to the DNA encoding the flagellin 
derived peptide of interest. 
0209 Examples of suitable promoting sequences for use 
with yeast hosts include the promoters for 3-phosphoglyc 
erate kinase (Hitzeman et al., J. Biol. Chem. 255: 2073 
(1980)) or other glycolytic enzymes (Hess et al., J. Adv. 
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Enzyme Reg., 7: 149 (1968); Holland, Biochemistry, 17: 
4900 (1978)), such as enolase, glyceraldehyde-3-phosphate 
dehydrogenase, hexokinase, pyruvate decarboxylase, phos 
phofructokinase, glucose-6-phosphate isomerase, 3-phos 
phoglycerate mutase, pyruvate kinase, triosephosphate 
isomerase, phosphoglucose isomerase, and glucokinase. 
0210. Other yeast promoters that are inducible promoters 
having the additional advantage of transcription controlled 
by growth conditions are the promoter regions for alcohol 
dehydrogenase 2, isocytochrome C, acid phosphatase, deg 
radative enzymes associated with nitrogen metabolism, met 
allothionein, glyceraldehyde-3-phosphate dehydrogenase, 
and enzymes responsible for maltose and galactose utiliza 
tion. Suitable vectors and promoters for use in yeast expres 
sion are further described in EP 73,657. 
0211 Nucleic acid of interest transcription from vectors 
in mammalian host cells is controlled, for example, by 
promoters obtained from the genomes of viruses such as 
polyoma virus, fowlpox virus (UK 2.211,504 published 5 
Jul. 1989), adenovirus (such as Adenovirus 2), bovine pap 
illoma virus, avian sarcoma virus, cytomegalovirus, a ret 
rovirus, hepatitis-B virus, and Simian Virus 40 (SV40); by 
heterologous mammalian promoters, e.g., the actin promoter 
or an immunoglobulin promoter, and by heat-shock promot 
ers, provided such promoters are compatible with the host 
cell systems. 
0212 Transcription of a DNA encoding the flagellin 
derived peptide of interest by higher eukaryotes may be 
increased by inserting an enhancer sequence into the vector. 
Enhancers are cis-acting elements of DNA, usually about 
from 10 to 300 bp, that act on a promoter to increase its 
transcription. Many enhancer sequences are now known 
from mammalian genes (globin, elastase, albumin, alpha.- 
fetoprotein, and insulin). Typically, however, one will use an 
enhancer from a eukaryotic cell virus. Examples include the 
SV40 enhancer on the late side of the replication origin (bp 
100-270), the cytomegalovirus early promoter enhancer, the 
polyoma enhancer on the late side of the replication origin, 
and adenovirus enhancers. The enhancer may be spliced into 
the vector at a position 5' or 3' to the sequence coding for 
polypeptides of interest, but is preferably located at a site 5' 
from the promoter. 
0213 Expression vectors used in eukaryotic host cells 
(yeast, fungi, insect, plant, animal, human, or nucleated cells 
from other multicellular organisms) will also contain 
sequences necessary for the termination of transcription and 
for stabilizing the mRNA. Such sequences are commonly 
available from the 5' and, occasionally 3', untranslated 
regions of eukaryotic or viral DNAS or cDNAs. These 
regions contain nucleotide segments transcribed as polyade 
nylated fragments in the untranslated portion of the mRNA 
encoding the flagellin-derived peptide of interest. 
0214. Still other methods, vectors, and host cells suitable 
for adaptation to the synthesis of the flagellin-derived pep 
tide of interest in recombinant vertebrate cell culture are 
described in Gething et al., Nature, 293: 620-625 (1981): 
Mantei et al., Nature, 281: 40-46 (1979); EP 117,060; and 
EP 117,058. 
0215 
0216 Host cells are transfected or transformed with 
expression or cloning vectors described herein for flagellin 
derived peptide production and cultured in conventional 
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nutrient media modified as appropriate for inducing promot 
ers, selecting transformants, or amplifying the genes encod 
ing the desired sequences. 
0217. The culture conditions, such as media, temperature, 
pH, and the like, can be selected by the skilled artisan 
without undue experimentation. In general, principles, pro 
tocols, and practical techniques for maximizing the produc 
tivity of cell cultures can be found in Mammalian Cell 
Biotechnology: A Practical Approach, M. Butler, ed. (IRL 
Press, 1991). 
0218 Methods of transfection are known to the ordinarily 
skilled artisan, for example, CaPO treatment and electropo 
ration. Depending on the host cell used, transformation is 
performed using standard techniques appropriate to Such 
cells. The calcium treatment employing calcium chloride, as 
described in Sambrook et al., Supra, or electroporation is 
generally used for prokaryotes or other cells that contain 
substantial cell-wall barriers. Infection with Agrobacterium 
tumefaciens is used for transformation of certain plant cells, 
as described by Shaw et al., Gene 23: 315 (1983) and WO 
89/05859 published 29 Jun. 1989. For mammalian cells 
without such cell walls, the calcium phosphate precipitation 
method of Graham and van der Eb, Virology, 52:456-457 
(1978) can be employed. General aspects of mammalian cell 
host system transformations have been described in U.S. 
Pat. No. 4.399.216. Transformations into yeast are typically 
carried out according to the method of Van Solingen et al., 
J. Bact. 130: 946 (1977) and Hsiao et al., Proc. Natl. Acad. 
Sci. (USA), 76: 3829 (1979). However, other methods for 
introducing DNA into cells, such as by nuclear microinjec 
tion, electroporation, bacterial protoplast fusion with intact 
cells, or polycations, e.g., polybrene or polyornithine, may 
also be used. For various techniques for transforming mam 
malian cells, see, Keown et al., Methods in Enzymology, 
185: 527-537 (1990) and Mansour et al., Nature, 336: 
348-352 (1988). 
0219 Suitable host cells for cloning or expressing the 
DNA in the vectors herein include prokaryote, yeast, or 
higher eukaryote cells. 
0220 Suitable prokaryotes include, but are not limited to, 
eubacteria, such as Gram-negative or Gram-positive organ 
isms, for example, Enterobacteriaceae such as E. coli. Vari 
ous E. coli strains are publicly available, such as E. coli K12 
strain MM294 (ATCC 31.446); E. coli X1776 (ATCC 
31,537); E. coli strain W3110 (ATCC 27,325); and K5772 
(ATCC 53,635). Other suitable prokaryotic host cells 
include Enterobacteriaceae such as Escherichia, e.g., E. coli, 
Enterobacter, Erwinia, Klebsiella, Proteus, Salmonella, e.g., 
Salmonella typhimurium, Serratia, e.g., Serratia marces 
cans, and Shigella, as well as Bacilli Such as B. subtilis and 
B. licheniformis (e.g., B. licheniformis 41P disclosed in DD 
266,710 published 12 Apr. 1989), Pseudomonas such as P. 
aeruginosa, and Streptomyces. These examples are illustra 
tive rather than limiting. 
0221 Strain SIN41 of Salmonella typhimurium (fliC 
flB), is particularly interesting for the production of flagel 
lin-derived peptide, since these prokaryotic host cells do not 
secrete any flagellins (Proc Natl Acad Sci USA. 2001; 
98: 13722-7). However flagellins are secreted through spe 
cialized secretion system: the so called “Type III secretion 
system’. Interestingly, strain SIN41 produces all compo 
nents of the type III secretion system required for optimal 
flagellin secretion. Cloning sequence coding new flagellin 
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peptides under fliC promoter enables secretion in large 
amounts of the flagellin-derived peptides of interest in strain 
SIN41. 

0222 Strain W3110 is also interesting because it is a 
common host strain for recombinant DNA product fermen 
tations. Preferably, the host cell secretes minimal amounts of 
proteolytic enzymes. For example, strain W3110 may be 
modified to effect a genetic mutation in the genes encoding 
proteins endogenous to the host, with examples of such hosts 
including E. coli W3110 strain 1A2, which has the complete 
genotype tonA. E. coli W3110 strain 9E4, which has the 
complete genotype ton Aptr3: E. coli W3110 strain 27C7 
(ATCC 55.244), which has the complete genotype ton Aptr3 
phoA E15 (argF-lac) 169 degPompT kan.sup.r. E. coli 
W3110 strain 37D6, which has the complete genotype tona 
ptr3 phoA E15 (argF-lac) 169 degPompTrbs7 ilvG kan.sup. 
r: E. coli W3110 strain 40B4, which is strain 37D6 with a 
non-kanamycin resistant degP deletion mutation; and an E. 
coli strain having mutant periplasmic protease disclosed in 
U.S. Pat. No. 4,946,783 issued 7 Aug. 1990. The E. coli 
strains MG 1655, MG 1655 AfimA-H or MKS12, a fliD- and 
-fimA-H-deleted MG 1655 strain are also interesting candi 
dates for production of recombinant flagellins as secreted 
proteins (Nat Biotechnol. 2005; (4):475-81). Alternatively, 
in vitro methods of cloning, e.g., PCR or other nucleic acid 
polymerase reactions, are suitable. 
0223) In addition to prokaryotes, eukaryotic microbes 
Such as filamentous fungi or yeast are suitable cloning or 
expression hosts for vectors encoding the flagellin-derived 
peptide. 
0224 Saccharomyces cerevisiae is a commonly used 
lower eukaryotic host microorganism. Others include Schi 
zosaccharomyces pombe (Beach and Nurse, Nature, 290: 
140 (1981: EP 139,383 published 2 May 1985): Kluyvero 
myces hosts (U.S. Pat. No. 4,943,529; Fleer et al., Bio/ 
Technology, 9: 968-975 (1991)) such as, e.g., K. lactis 
(MW98-8C, CBS683, CBS4574; Louvencourt et al., J. 
Bacteriol. 737 (1983), K. fragilis (ATCC 12,424), K. 
bulgaricus (ATCC 16,045), K. wickeramii (ATCC 24,178), 
K. waltii(ATCC 56.500), K. drosophilarum(ATCC 36,906; 
Van den Berg et al., Bio/Technology, 8:135 (1990)), K. 
thermotolerans, and K. marxianus, yarrowia (EP 402.226): 
Pichia pastoris (EP 183,070; Sreekrishna et al., J. Basic 
Microbiol., 28: 265-278 (1988); Candida, Trichoderma 
reesia (EP244.234); Neurospora crassa (Case et al., Proc. 
Natl. Acad. Sci. USA, 76: 5259-5263 (1979); Schwannio 
myces such as Schwanniomyces occidentalis (EP 394.538 
published 31 Oct. 1990); and filamentous fungi such as, e.g., 
Neurospora, Penicillium, Tolypocladium (WO 91/00357 
published 10 Jan. 1991), and Aspergillus hosts such as A. 
nidulans (Ballance et al., Biochem. Biophys. Res. Com 
mun., 112:284-289 1983: Tilburnet al., Gene, 26: 205-221 
1983; Yelton et al., Proc. Natl. Acad. Sci. USA, 81: 
1470–1474 (1984) and A. niger (Kelly and Hynes, EMBO 
J., 4: 475-479 1985). Methylotropic yeasts are suitable 
herein and include, but are not limited to, yeast capable of 
growth on methanol selected from the genera consisting of 
Hansenula, Candida, Kloeckera, Pichia, Saccharomyces, 
Torulopsis, and Rhodotorula. A list of specific species that 
are exemplary of this class of yeasts may be found in C. 
Anthony, The Biochemistry of Methylotrophs, 269 (1982). 
0225 Suitable host cells for the expression of nucleic 
acid encoding flagellin-derived peptide of interest are 
derived from multicellular organisms. Examples of inverte 
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brate cells include insect cells such as Drosophila S2 and 
Spodoptera Sf9, as well as plant cells. Examples of useful 
mammalian host cell lines include Chinese hamster ovary 
(CHO) and COS cells. More specific examples include 
monkey kidney CV1 line transformed by SV40 (COS-7, 
ATCC CRL 1651); human embryonic kidney line (293 or 
293 cells subcloned for growth in suspension culture, Gra 
ham et al., J. Gen. Virol. 36: 59 (1977)); Chinese hamster 
ovary cells/-DHFR(CHO, Urlaub and Chasin, Proc. Natl. 
Acad. Sci. USA, 77:4216 (1980); mouse sertolicells (TM4, 
Mather, Biol. Reprod., 23:243-251 (1980)); human lung 
cells (W138, ATCC CCL 75); human liver cells (Hep G2. 
HB 8065); and mouse mammary tumor (MMT 060562, 
ATCC CCL51). The selection of the appropriate host cell is 
deemed to be within the skill in the art. 
0226 General Methods for Purification of the Flagellin 
Derived Peptide of Interest 
0227. Forms of flagellin-derived peptide of interest may 
be recovered from culture medium or from host cell lysates. 
0228 If membrane-bound, it can be released from the 
membrane using a Suitable detergent Solution (e.g., TRI 
TON-XTM 100) or by enzymatic cleavage. 
0229 Cells employed in expression of nucleic acid 
encoding the flagellin-derived peptide of interest can be 
disrupted by various physical or chemical means, such as 
freeze-thaw cycling, Sonication, mechanical disruption, or 
cell-lysing agents. 
0230. It may be desired to purify the polypeptide of 
interest from recombinant cell proteins or polypeptides. The 
following procedures are exemplary of Suitable purification 
procedures: by fractionation on an ion-exchange column; 
ethanol precipitation; reverse phase HPLC. chromatography 
on silica or on a cation-exchange resin Such as DEAE; 
chromatofocusing: SDS-PAGE: ammonium sulfate precipi 
tation; gel filtration using, for example, Sephadex G-75; 
Protein A Sepharose columns to remove contaminants such 
as IgG, and metal chelating columns to bind epitope-tagged 
forms of the flagellin-derived peptide of interest. 
0231. Various methods of protein purification may be 
employed and Such methods are known in the art and 
described, for example, in Deutscher, Methods in Enzymol 
ogy, 182 (1990); Scopes, Protein Purification: Principles and 
Practice (Springer-Verlag: New York, 1982). The purifica 
tion step(s) selected will depend, for example, on the nature 
of the production process used and the particular flagellin 
derived peptide produced. 
0232. In a preferred embodiment, the flagellin-derived 
peptide is purified from the supernatant of recombinant S. 
Tiphimurium SIN41 (fliC flB), as disclosed in the 
Examples. 
0233. In particular, Salmonella were grown in Luria 
Bertani (LB) broth for 6-18 hours at 37° C. with agitation. 
The supernatant was filtered and saturated with 60% ammo 
nium sulfate (Sigma Aldrich, USA). The precipitated mate 
rials were recovered by centrifugation, solubilization in 20 
mM Tris/HCl pH7.5 and then dialysis. The proteins were 
further purified by successive rounds of hydroxyapatite, 
anion exchange, and size exlusion chromatography (Bio 
Rad Laboratories, USA: GE Healthcare, Sweden). Lastly, 
the proteins were depleted of lipopolysaccharide (LPS) 
using a polymyxin B column (Pierce, USA). Using the 
Limulus assay (Associates of Cape Cod Inc., USA), the 
residual LPS concentration was determined to be less than 
30 ug LPS per ug recombinant flagellin. 
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0234 Purification of the Flagellin-Derived Peptide of 
Interest by Immunoaffinity Chromatography 
0235. In further embodiments, a flagellin-derived peptide 
according to the invention may be purified by separation on 
an immunoaffinity chromatography Substrate. 
0236. The said immunoaffinity chromatography substrate 
comprise anti-flagellin antibodies that have been immobi 
lized thereon. By “anti-flagellin' antibodies, it is intended 
herein antibodies that bind to either a native flagellin or to 
a hyperVariable region-deleted flagellin, including those 
encompassed by the present invention. 
0237 Preferably, the anti-flagellin antibodies consist of 
monoclonal antibodies, including mouse anti-flagellin anti 
bodies. 
0238. It has been shown according to the invention that 
anti-flagellin antibodies that have been obtained by a method 
comprising a step of immunizing mice with the hyperVari 
able region-deleted flagellin FliCAzoo that is disclosed 
elsewhere in this specification, recognize both native flagel 
lin and any one of the hyperVariable region-deleted flagellins 
that are disclosed herein. 
0239 Thus, in certain preferred embodiments of an 
immunoaffinity chromatography Substrate, the said substrate 
comprise mouse monoclonal antibodies directed against 
FliCal 74.400. 
0240. The said preferred immunoaffinity chromatography 
substrate may be prepared as follows 

0241 Mouse ascite containing anti-FliCAzoo mono 
clonal antibodies were purified on Econo-Pac protein A 
columns (#732-2022 Affi-gel; Bio-Rad). 

0242. The resulting purified anti-FliCAzoo mono 
clonal antibodies (that may be also termed “B23C5') 
were covalently coupled via primary amino groups to 
N-hydroxysuccinimide-activated SepharoseTM high 
performance column (#17-0716-01 Hitrap NHS acti 
vated HP from GE Healthcare), giving rise to the 
flagellin-specific affinity column. The coupling yield 
was 98%. 

0243 As shown in the examples herein, the above flagel 
lin-specific affinity column allows a highly specific separa 
tion of native flagellin, and thus also of any one of the 
hypervariable region-deleted flagellins that are disclosed 
herein, from the other protein constituents or non-protein 
constituents contained in the starting sample. 
0244. A method for purifying flagellin or any one of the 
hypervariable region-deleted flagellins that are disclosed 
herein is described below: 

0245 Flagellin-containing supernatants from culture 
of recombinant S. Tiphimurium SIN41 or E. coli were 
centrifugated, filtered through a 0.22 um membrane, 
diluted one to one with binding buffer (75 mM Tris 
HCl pH8) and applied onto the flagellin-specific affinity 
column described above. 

0246 Then, the flagellin-specific affinity column was 
washed with 15-20 CV (column volume) of binding 
buffer. 

0247. Then, proteins were eluted with 3 CV of elution 
buffer (100 mM glycine-HCl, 0.5M NaCl, pH2.7) and 
fractions were immediately neutralized with 500 uL 
Tris 1.5M pH8.9 to avoid prolonged exposure to acidic 
pH. 

0248. Then, the column was regenerated with 10 CV of 
binding buffer and stored at 4°C. with 0.02% sodium 
azide. 
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0249. A typical chromatography profile is illustrated in 
FIG. 13, which depicts both (i) the absorbance (O.D.) curve 
at 280 nm (line with filled squared boxes) and (ii) the electro 
conductivity curve. The arrowed numbers in FIG. 13 cor 
respond to the time periods where fractions of the liquid 
flowing out from the column have been Successively col 
lected in view of further analysis of their flagellin content 
(See FIG. 14 and the paragraph below). The numbered 
collected fractions consist of respectively: 

0250 no 1-5 uL of the sample before applying (3 
ug) input total quantity=900 ug 

0251 no 2-20 uL from the sample applied after column 

0252 no 3-20 uL from column wash 
0253 no 4-20 uL from column wash 
0254 no. 5, 6 & 7-20 uL from each of the respective 
fractions after elution buffer: total quantity's 900 ug 

0255 no 8-20 uL from column re-equilibration 
0256 FIG. 14 depicts the photograph of a Western blot 
assay that has been performed using fractions 1 to 8 referred 
to in FIG. 13 as the respective starting material. 
(0257 2. Chemical Synthesis 
0258. In certain embodiments, a peptide of the invention 
may be synthesised through conventional techniques of 
chemical peptide synthesis. 
0259 For instance, the flagellin-derived peptide 
sequence of interest may be produced by direct peptide 
synthesis using solid-phase techniques, like those described 
by Stewart et al., Solid-Phase Peptide Synthesis (W.H. 
Freeman Co.: San Francisco, Calif., (1969); Merrifield, J. 
Am. Chem. Soc., 85: 2149-2154 (1963); Fields G B, Noble 
RL: 1990; Int. J. Pept. Protein Res.: Vol. 35: 161-214). 
0260. In vitro protein synthesis may be performed using 
manual techniques or by automation. Automated synthesis 
may be accomplished, for instance, with an Applied Bio 
systems Peptide Synthesizer (Foster City, Calif.) using 
manufacturers instructions. 

0261 Various portions of the peptide of interest may be 
chemically synthesized separately and combined using 
chemical or enzymatic methods to produce the full-length 
peptide of interest. 
0262 Compositions Comprising a Flagellin-Derived 
Peptide of the Invention 
0263. A further object of the invention consists of a 
composition, in particular a pharmaceutical composition, 
comprising an adjuvant compound as defined in the present 
description, in combination notably with one or more phar 
maceutically acceptable excipients. 
0264. The present invention also pertains to an immuno 
genic composition comprising an immunoadjuvant com 
pound as defined in the present specification, together with 
one or more antigens. 
0265 An “immunogenic composition', once it has been 
administered to a Subject or an animal, elicits a protective 
immune response against the said one or more antigen?s) 
which is (are) comprised herein. 
0266 The present invention also concerns a vaccine 
composition comprising an immunoadjuvant compound as 
defined in the present specification, together with one or 
more antigens. 
0267 As used herein, a vaccine composition, once it has 
been administered to the Subject or the animal, induces a 
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protective immune response against, for example, a micro 
organism, or to efficaciously protect the Subject or the 
animal against infection. 
0268 A vaccine composition is useful for preventing or 
ameliorating a pathological condition that will respond 
favorably to immune response modulation. 
0269. Immunoadjuvant 
0270. As above-mentioned, the term “immunoadjuvant” 
when used in reference to an immunogenic composition or 
vaccine, is intended to mean a Substance that acts generally 
to accelerate, prolong, or enhance the quality of specific 
immune responses to an antigen. 
0271 The immunoadjuvant can advantageously also 
reduce the number of immunizations or the amount of 
antigen required for protective immunization. 
0272 Antigen 
0273) A variety of substances can be used as antigens in 
a compound or formulation, of immunogenic or vaccine 
type. For example, attenuated and inactivated viral and 
bacterial pathogens, purified macromolecules, polysaccha 
rides, toxoids, recombinant antigens, organisms containing a 
foreign gene from a pathogen, synthetic peptides, poly 
nucleic acids, antibodies and tumor cells can be used to 
prepare (i) an immunogenic composition useful to induce an 
immune response in a individual or (ii) a vaccine useful for 
treating a pathological condition. 
0274 Therefore, a flagellin-derived peptide of the inven 
tion can be combined with a wide variety of antigens to 
produce an immunogenic composition or a vaccine useful 
for inducing an immune response in an individual. 
0275 Those skilled in the art will be able to select an 
antigen appropriate for treating a particular pathological 
condition and will know how to determine whether a crude 
or isolated antigen is favored in a particular vaccine formu 
lation. 

0276 Those skilled in the art will be also able to deter 
mine whether it is preferable to covalently link, or not 
covalently link, the immunoadjuvant of the invention to the 
said one or more antigens. 
0277. The present in vivo tests demonstrated that 
mucosal adjuvant activity does not need any link between 
the flagellin-derived peptide of interest and the target anti 
gen, when administered together via mucosal route, and in 
particular intranasal route. 
0278. An isolated antigen can be prepared using a variety 
of methods well known in the art. A gene encoding any 
immunogenic polypeptide can be isolated and cloned, for 
example, in bacterial, yeast, insect, reptile or mammalian 
cells using recombinant methods well known in the art and 
described, for example in Sambrook et al., Molecular Clon 
ing: A Laboratory Manual, Cold Spring Harbor Laboratory, 
New York (1992) and in Ansubel et al., Current Protocols in 
Molecular Biology, John Wiley and Sons, Baltimore, Md. 
(1998). A number of genes encoding Surface antigens from 
viral, bacterial and protozoan pathogens have been Success 
fully cloned, expressed and used as antigens for vaccine 
development. For example, the major Surface antigen of 
hepatitis B virus, HbsAg, the P subunit of choleratoxin, the 
enterotoxin of E. coli, the circumsporozoite protein of the 
malaria parasite, and a glycoprotein membrane antigen from 
Epstein-Barr virus, as well as tumor cell antigens, have been 
expressed in various well known vector/host systems, puri 
fied and used in vaccines. 
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0279 A flagellin-derived peptide of the invention induces 
an innate immune response through TLR5-mediated 
mucosal system that can beneficially enhance an immune 
response to a recombinant antigen. 
0280 A pathologically aberrant cell to be used in a 
vaccine can be obtained from any source Such as one or 
more individuals having a pathological condition or ex vivo 
or in vitro cultured cells obtained from one or more such 
individuals, including a specific individual to be treated with 
the resulting vaccine. 
0281 Immunomodulatory Molecules 
0282. A variety of immunomodulatory molecules can 
also be used in combination with the flagellin-derived pep 
tide of the invention, to alter an immune response in an 
individual. The type of alteration desired will determine the 
type of immunomodulatory molecule selected to be com 
bined with the said flagellin-derived peptide of the inven 
tion. 
0283 For example, to enhance the innate immune 
response, the flagellin-derived peptide of the invention can 
be combined with another immunomodulatory molecule that 
promotes an innate immune response, Such as other PAMP 
or conserved region known or Suspected of inducing an 
innate immune response. A variety of PAMPs are known to 
stimulate the activities of different members of the toll-like 
family of receptors. 
0284. Such PAMPs can be combined to stimulate a 
particular combination of toll-like receptors that induce a 
beneficial cytokine profile. For example, PAMPs can be 
combined to stimulate a cytokine profile that induces a Th1 
or Th2 immune response. 
0285) Other types of immunomodulatory molecules that 
promote humoral or cell-mediated immune responses can be 
combined with a flagellin-derived peptide of the invention. 
For example, cytokines can be administered to alter the 
balance of Th1 and Th2 immune responses. Those skilled in 
the art will know how to determine the appropriate cytokines 
useful for obtaining a beneficial alteration in immune 
response for a particular pathological condition. 
0286 Administration of the Flagellin-Derived Peptide of 
the Invention 
0287. The flagellin-derived peptide of the invention will 
be administered in “immunogenic amount” with one or more 
molecules, which intended to mean an amount, such as an 
antigen or other immunomodulatory molecule, required to 
trigger an immune response. 
0288 The dosage of flagellin-derived peptide of the 
invention, independently or in combination with one or 
more molecules, will depend, for example, on the patho 
logical condition to be treated, the weight and condition of 
the individual and previous or concurrent therapies. The 
appropriate amount considered to be an immunogenic dose 
for a particular application of the method can be determined 
by those skilled in the art. Those skilled in the art will 
understand that the condition of the patient needs to be 
monitored through the course of therapy and that the amount 
of the composition that is administered can be adjusted 
according to patient response to therapy. 
0289. As an vaccine immunoadjuvant, the flagellin-de 
rived peptides of the invention can contribute to the effec 
tiveness of the vaccine by, for example, enhancing the 
immunogenicity of weaker antigens such as highly purified 
or recombinant antigens, reducing the amount of antigen 
required for an immune response, reducing the frequency of 
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immunization required to provide protective immunity, 
improve the efficacy of vaccines in individuals with reduced 
or weakened immune responses, such as newborns, the 
aged, and immunocompromised individuals, and enhance 
the immunity at a target tissue. Such as mucosal immunity, 
or promote cell-mediated or humoral immunity by eliciting 
a particular cytokine profile. 
0290 The flagellin-derived peptide of the invention 
induces an innate immune response through activation of 
TLR5 system, in particular here TLR5-mediated mucosal 
response when administered by mucosal route. 
0291. In particular, in vivo tests show that the flagellin 
derived peptide of the invention exhibit mucosal adjuvant 
activity, which able to potentate systemic and mucosal 
responses against an target antigen. 
0292. The innate immune response increases the immune 
response to an antigen by stimulating the adaptive immune 
response. Therefore, a combination of the flagellin-derived 
peptide of the invention, with one or more antigens provides 
an effective immunogenic composition or vaccine for induc 
ing an immune response in an individual. 
0293. A combination of an antigen and/or immunomodu 
latory molecule, with a flagellin-derived peptide of the 
invention, can be tested in a variety of preclinical toxico 
logical and safety studies well known in the art. 
0294 For example, such a combination can be evaluated 
in an animal model in which the antigen has been found to 
be immunogenic and that can be reproducibly immunized by 
the same route proposed for human clinical testing. 
0295) A combination of an antigen and/or immunomodu 
latory molecule, with a flagellin-derived peptide of the 
invention, can be tested, for example, by an approach set 
forth by the Center for Biologics Evaluation and Research/ 
Food and Drug Administration and National Institute of 
Allergy and Infectious Diseases (Goldenthal, KL et al. AID 
Res Hum Retroviruses, 9: S45-9 (1993)). 
0296 Those skilled in the art will know how to determine 
for a particular combination of antigen and/or immuno 
modulatory molecule, with flagellin-derived peptide of the 
invention, the appropriate antigen payload, route of immu 
nization, Volume of dose, purity of antigen, and vaccination 
regimen useful to treat a particular pathological condition in 
a particular animal species. 
0297. An immunogenic composition or a vaccine of the 
invention, for inducing an immune response, can be admin 
istered as a solution or Suspension together with a pharma 
ceutically acceptable medium. 
0298. Such a pharmaceutically acceptable medium can 
be, for example, water, phosphate buffered Saline, normal 
saline or other physiologically buffered saline, or other 
Solvent or vehicle Such as glycol, glycerol, and oil such as 
olive oil or an injectable organic ester. A pharmaceutically 
acceptable medium can also contain liposomes or micelles, 
and can contain immunostimulating complexes prepared by 
mixing polypeptide or peptide antigens with detergent and a 
glycoside, Such as Quil A. 
0299 Further methods for preparing and administering a 
flagellin-derived peptide of the invention in a pharmaceuti 
cally acceptable medium are presented below, in reference to 
compounds that induce a TLR5-mediated mucosal response. 
0300. The immunogenic composition or vaccine of the 
invention can be administered by a variety of routes to 
stimulate an immune response. For example, these immu 
nomodulatory molecules can be delivered Subcutaneously, 
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intradermally, intralymphatically, intramuscularly, intratu 
morally, intravesically, intraperitoneally and intracerebrally. 
0301 Those skilled in the art will know how to select 
appropriate delivery routes for particular formulations of 
flagellin-derived peptides of the invention. 
0302) In a preferred embodiment of the invention, vac 
cination methods for treating or preventing infection in a 
mammal comprises use of the vaccine of the invention to be 
administered by particularly a mucosal (e.g., ocular, intra 
nasal, oral, gastric, pulmonary, intestinal, rectal, vaginal, or 
urinary tract) Surface. 
0303 Nasal delivery routes may be useful for inducing 
both mucosal and systemic immune responses. A variety of 
devices are possible for convenient and effective delivery of 
formulations to the nasal cavity and pulmonary tissues. 
0304. The nasal delivery route may be particularly inter 
esting here since the flagellin-derived peptide of the inven 
tion shows a significant adjuvant activity in the mucosa 
compartment, without having any significant systemic pro 
inflammatory side effect. 
0305. In a vaccination protocol, the vaccine may be 
advantageously administered by the mucosal route, as a 
unique dose or preferably, several times e.g., twice, three or 
four times at week or month intervals, according to a 
prime/boost mode. The appropriate dosage depends upon 
various parameters. 
0306 The vaccination protocol may be a strict mucosal 
protocol or a mix protocol in which the priming dose of the 
Vaccine is administered by the mucosal e.g., intranasal route 
and the boosting dose(s) is (are) parenterally administered or 
Vice versa. 
0307 Formulation 
0308 Methods of preparing pharmaceutical formulations 
or compositions include the step of bringing the active 
ingredient(s) into association with the carrier and, option 
ally, one or more accessory ingredients. 
0309. In general, the formulations are prepared by uni 
formly and intimately bringing the active ingredient(s) into 
association with liquid carriers, or finely divided solid 
carriers, or both, and then, if necessary, shaping the product. 
0310 Liquid dosage forms for oral administration of the 
active ingredients include pharmaceutically-acceptable 
emulsions, microemulsions, Solutions, Suspensions, syrups 
and elixirs. In addition to the active ingredient(s), the liquid 
dosage forms may contain inert diluents commonly used in 
the art, such as, for example, water or other solvents, 
solubilizing agents and emulsifiers, such as ethyl alcohol, 
isopropyl alcohol, ethyl carbonate, ethyl acetate, benzyl 
alcohol, benzyl benzoate, propylene glycol, 1,3-butylene 
glycol, oils (in particular, cottonseed, groundnut, corn, germ, 
olive, castor and sesame oils), glycerol, tetrahydrofuryl 
alcohol, polyethylene glycols and fatty acid esters of Sorbi 
tan, and mixtures thereof. 
0311 Besides inert diluents, the oral compositions can 
also include adjuvants such as wetting agents, emulsifying 
and Suspending agents, Sweetening, flavoring, coloring, per 
fuming and preservative agents. 
0312 Suspensions, in addition to the active ingredient(s), 
may contain Suspending agents as, for example, ethoxylated 
isostearyl alcohols, polyoxyethylene Sorbitol and Sorbitan 
esters, microcrystalline cellulose, aluminum metahydroxide, 
bentonite, agar-agar and tragacanth, and mixtures thereof. 
0313 Formulations of the pharmaceutical compositions 
of the invention for rectal or vaginal administration may be 
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presented as a Suppository, which may be prepared by 
mixing the active ingredient(s) with one or more Suitable 
non-irritating excipients or carriers comprising, for example, 
cocoa butter, polyethylene glycol, a Suppository wax or 
salicylate and which is solid at room temperature, but liquid 
at body temperature and, therefore, will melt in the rectum 
or vaginal cavity and release the active ingredient(s). For 
mulations of the present invention which are suitable for 
vaginal administration also include pessaries, tampons, 
creams, gels, pastes, foams or spray formulations containing 
Such carriers as are known in the art to be appropriate 
0314 Pharmaceutical compositions of this invention suit 
able for parenteral administration comprise the active ingre 
dient(s) in combination with one or more pharmaceutically 
acceptable sterile isotonic aqueous or non-aqueous 
Solutions, dispersions, Suspensions or emulsions, or sterile 
powders which may be reconstituted into sterile injectable 
Solutions or dispersions just prior to use, which may contain 
antioxidants, buffers, solutes which render the formulation 
isotonic with the blood of the intended recipient or suspend 
ing or thickening agents. 
0315 Examples of suitable aqueous and non-aqueous 
carriers which may be employed in the pharmaceutical 
compositions of the invention include water, ethanol, poly 
ols (such as glycerol, propylene glycol, polyethylene glycol, 
and the like), and suitable mixtures thereof, vegetable oils, 
Such as olive oil, and injectable organic esters, such as ethyl 
oleate. Proper fluidity can be maintained, for example, by 
the use of coating materials, such as lecithin, by the main 
tenance of the required particle size in the case of disper 
sions, and by the use of Surfactants. 
0316 These compositions may also contain adjuvants 
Such as wetting agents, emulsifying agents and dispersing 
agents. It may also be desirable to include isotonic agents, 
Such as Sugars, Sodium chloride, and the like in the com 
positions. In addition, prolonged absorption of the injectable 
pharmaceutical form may be brought about by the inclusion 
of agents which delay absorption Such as aluminum monos 
tearate and gelatin. 
0317. Injectable depot forms are made by forming micro 
encapsule matrices of the active ingredient(s) in biodegrad 
able polymers such as polylactide-polyglycolide. Depending 
on the ratio of the active ingredient(s) to polymer, and the 
nature of the particular polymer employed, the rate of 
release of the active ingredient(s) can be controlled. 
Examples of other biodegradable polymers include poly 
(orthoesters) and poly(anhydrides). Depot injectable formu 
lations are also prepared by entrapping the active ingredient 
(s) in liposomes or microemulsions which are compatible 
with body tissue. The injectable materials can be sterilized 
for example, by filtration through a bacterial-retaining filter. 
0318. The formulations may be presented in unit-dose or 
multi-dose sealed containers, for example, ampoules and 
vials, and may be stored in a lyophilized condition requiring 
only the addition of the sterile liquid carrier, for example 
water for injection, immediately prior to use. Extemporane 
ous injection solutions and Suspensions may be prepared 
from sterile powders, granules and tablets of the type 
described above. 
0319. The amount of antigen, and immunoadjuvant com 
pound in the vaccine composition according to the inven 
tion, the dosages administered, are determined by techniques 
well known to those skilled in the pharmaceutical art, taking 
into consideration Such factors as the particular antigen, the 
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age, sex, weight, species, and condition of the particular 
animal or patient, and the route of administration. 
0320 In a preferred embodiment, the vaccine composi 
tion according to the invention, further comprises one or 
more components selected from the group consisting of 
Surfactants, absorption promoters, water absorbing poly 
mers, Substances which inhibit enzymatic degradation, alco 
hols, organic solvents, oils, pH controlling agents, preser 
Vatives, osmotic pressure controlling agents, propellants, 
water and mixture thereof. 
0321. The vaccine composition according to the inven 
tion can further comprise a pharmaceutically acceptable 
carrier. The amount of the carrier will depend upon the 
amounts selected for the other ingredients, the desired 
concentration of the antigen, the selection of the adminis 
tration route, oral or parenteral, etc. The carrier can be added 
to the vaccine at any convenient time. In the case of a 
lyophilised vaccine, the carrier can, for example, be added 
immediately prior to administration. Alternatively, the final 
product can be manufactured with the carrier. 
0322 Examples of appropriate carriers include, but are 
not limited to, sterile water, saline, buffers, phosphate 
buffered saline, buffered sodium chloride, vegetable oils, 
Minimum Essential Medium (MEM), MEM with HEPES 
buffer, etc. 
0323 Optionally, the vaccine composition of the inven 
tion may contain conventional, secondary adjuvants in vary 
ing amounts depending on the adjuvant and the desired 
result. The customary amount ranges from about 0.02% to 
about 20% by weight, depending upon the other ingredients 
and desired effect. 
0324 Examples of suitable secondary adjuvants include, 
but are not limited to, stabilizers; emulsifiers; aluminum 
hydroxide; aluminum phosphate; pH adjusters such as 
Sodium hydroxide, hydrochloric acid, etc.; Surfactants such 
as Tween R 80 (polysorbate 80, commercially available from 
Sigma Chemical Co., St. Louis, Mo.); liposomes; iscom 
adjuvant; synthetic glycopeptides such as muramyl dipep 
tides; extenders such as dextran or dextran combinations, for 
example, with aluminum phosphate; carboxypolymethyl 
ene; bacterial cell walls such as mycobacterial cell wall 
extract; their derivatives such as Corynebacterium parvum, 
Propionibacterium acne. Mycobacterium bovis, for 
example, Bovine Calmette Guerin (BCG); vaccinia or ani 
mal poxvirus proteins; Subviral particle adjuvants such as 
orbivirus; cholera toxin; N,N-dioctadecyl-N',N'-bis(2-hy 
droxyethyl)-propanediamine (pyridine); monophosphoryl 
lipid A; dimethyldioctadecylannmonium bromide (DDA, 
commercially available from Kodak, Rochester, N.Y.); syn 
thetics and mixtures thereof. Desirably, aluminum hydrox 
ide is admixed with other secondary adjuvants or an immu 
noadjuvant Such as Quil A. 
0325 Examples of suitable stabilizers include, but are not 
limited to. Sucrose, gelatin, peptone, digested protein 
extracts such as NZ-Amine or NZ-Amine AS. Examples of 
emulsifiers include, but are not limited to, mineral oil, 
vegetable oil, peanut oil and other standard, metabolizable, 
nontoxic oils useful for injectables or intranasal vaccines 
compositions. 
0326 For the purpose of this invention, these adjuvants 
are identified herein as “secondary' merely to contrast with 
the above-described immunoadjuvant compound, consisting 
of a Rho GTPase activator, that is an essential ingredient in 
the vaccine composition for its effect in combination with an 
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antigenic Substance to significantly increase the humoral 
immune response to the antigenic Substance. The secondary 
adjuvants are primarily included in the vaccine formulation 
as processing aids although certain adjuvants do possess 
immunologically enhancing properties to some extent and 
have a dual purpose. 
0327 Conventional preservatives can be added to the 
vaccine composition in effective amounts ranging from 
about 0.0001% to about 0.1% by weight. Depending on the 
preservative employed in the formulation, amounts below or 
above this range may be useful. Typical preservatives 
include, for example, potassium Sorbate, Sodium meta 
bisulfite, phenol, methyl paraben, propyl paraben, thimero 
sal, etc. 
0328. The choice of inactivated, modified or other type of 
vaccine composition and method of preparation of the 
improved vaccine composition formulation of the present 
invention are known or readily determined by those of 
ordinary skill in the art. 
0329. A pharmacologically effective amount of the 
immunoadjuvant compound according to the invention may 
be given, for example orally, parenterally or otherwise, and 
in preference via mucosal route, concurrently with, sequen 
tially to or shortly after the administration of a an antigenic 
Substance in order to potentiate, accelerate or extend the 
immunogenicity of the antigen. 
0330. While the dosage of the vaccine composition 
depends notably upon the antigen, species of the host 
vaccinated or to be vaccinated, etc., the dosage of a phar 
macologically effective amount of the vaccine composition 
will usually range from about 0.01 lug to about 500 g (and 
in particular 50 g to about 500 ug) of the immunoadjuvant 
compound of the invention per dose (base notably on the 
results shown FIG. 6). 
0331 Although the amount of the particular antigenic 
substance in the combination will influence the amount of 
the immunoadjuvant compound according to the invention, 
necessary to improve the immune response, it is contem 
plated that the practitioner can easily adjust the effective 
dosage amount of the immunoadjuvant compound through 
routine tests to meet the particular circumstances. 
0332. As a general rule, the vaccine composition of the 
present invention is conveniently administered orally, par 
enterally (Subcutaneously, intramuscularly, intravenously, 
intradermally or intraperitoneally), intrabuccally, intrana 
Sally, or transdermally. The route of administration contem 
plated by the present invention will depend upon the anti 
genic Substance and the co-formulants. For instance, if the 
vaccine composition contains Saponins, while non-toxic 
orally or intranasally, care must be taken not to inject the 
Sapogenin glycosides into the blood stream as they function 
as strong hemolytics. Also, many antigens will not be 
effective if taken orally. Preferably, the vaccine composition 
is administered subcutaneously, intramuscularly or intrana 
Sally. 
0333. The dosage of the vaccine composition will be 
dependent notably upon the selected antigen, the route of 
administration, species and other standard factors. It is 
contemplated that a person of ordinary skill in the art can 
easily and readily titrate the appropriate dosage for an 
immunogenic response for each antigen to achieve the 
effective immunizing amount and method of administration. 
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0334. As already specified elsewhere in the present 
description, a further object of the invention is a vaccine 
composition according to the invention, for administration 
to a mucosal Surface. 
0335. This mode of administration presents a great inter 
est. Indeed, the mucosal membranes contain numerous of 
dendritic cells and Langerhans cells, which are excellent 
antigen detecting and antigen presenting cells. The mucosal 
membranes are also connected to lymphoid organs called 
mucosal associated lymphoid tissue, which are able to 
forward an immune response to other mucosal areas. An 
example of Such an epithelia is the nasal epithelial mem 
brane, which consists of practically a single layer of epithe 
lial cells (pseudostratified epithelium) and the mucosal 
membrane in the upper respiratory tract is connected to the 
two lymphoid tissues, the adenoids and the tonsils. The 
extensive network of blood capillaries under the nasal 
mucosal of the high density of Band T cells, are particularly 
Suited to provide a rapid recognition of the antigen and 
provide a quick immunological response. 
0336 Preferably, the mucosal surface is selected from the 
group consisting of mucosal Surfaces of the nose, lungs, 
mouth, eye, ear, gastrointestinal tract, genital tract, vagina, 
rectum, and the skin. 

EXAMPLES 

Example 1 

Immunoadjuvant Effect of Hypervariable 
Region-Deleted Flagellins 

0337 Materials and Methods 
0338 Production of Recombinant Flagellins. 
0339. The recombinant flagellins originated from the 
Salmonella enterica Serovar Tiphimurium ATCC 14028 
flagellin FliC (accession number AAL20871). 
0340. The flagellins FliC and FliCAs were either 
isolated from the S. Tiphimurium strains SIN22 (flB) and 
SJW46, as described previously (Yoshioka et al., 1995. 
Flagellar filament structure and cell motility of Salmonella 
typhimurium mutants lacking part of the outer domain of 
flagellin. J. Bacteriol. 177:1090-1093: Didierlaurent et at, 
2004. Flagellin Promotes Myeloid Differentiation Factor 
88-Dependent Development of Th2-Type Response. J. 
Immunol. 172:6922-6930; Sierro et al., 2001, Flagellin 
stimulation of intestinal epithelial cells triggers CCL20 
mediated migration of dendritic cells. Proc. Natl. Acad. Sci. 
USA'98:13722-13727) or purchased from Alexis Biochemi 
cals (Switzerland). 
0341 The constructs encoding FliCAzoo and FliCA. 
352 were generated by PCR on a pBR322-derived plasmid 
harboring the wild type fliC gene SEQ ID NO 3, under the 
control of its own promoter and using the following primer 
pairs: AGCACCattcagcgtaticcagacc (SEQ ID NO 15)/ 
GCTGGTgctacaaccaccgaaaac (SEQID NO 16), and TCGA 
Gatatcctgtaacagttgcagcc (SEQID NO 17)/ACTCGAGgacg 
gtacatccaaaactgcac (SEQ ID NO 18) (bases encoding a 
linker are in italics). 
0342 Site-directed mutagenesis was also performed on 
the plasmid harboring FliCAzoo in order to replace the 
residues 89-96 (QRVRELAV) involved in TLR5 detection 
by the corresponding sequences from a non-signaling flagel 
lin (DTVKVKAT); the resulting protein was thus FliCAza 
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0343. In FliCA1744oo, FliCA19-352 and FliCA174.4oos9. 
96*, the asparagine located 6 residues from the end was 
changed into a serine. 
0344) The truncated flagellins were purified from the 
supernatant of recombinant S. Tiphimurium SIN41 (fliC 
flB), as follows. Salmonella were grown in Luria-Bertani 
(LB) broth for 18 hours at 37° C. with agitation. The 
supernatant was filtered and saturated with 60% ammonium 
sulfate (Sigma Aldrich, USA). The precipitated materials 
were recovered by centrifugation, solubilization in 20 mM 
Tris/HCl pH7.5 and then dialysis. The proteins were further 
purified by Successive rounds of hydroxyapatite and anion 
exchange chromatography (Bio-Rad Laboratories, USA). 
Lastly, the proteins were depleted of lipopolysaccharide 
(LPS) using a polymyxin B column (Pierce, USA). Using 
the Limulus assay (Associates of Cape Cod Inc., USA), the 
residual LPS concentration was determined to be less than 
30 ug LPS per ug recombinant flagellin. 
0345 When specified, flagellins were treated for 1 h at 
37° C. with 0.017% trypsin-EDTA (Invitrogen, USA) to 
totally hydrolyze the proteins, followed by heating at 70° C. 
for 1 h to inactivate the trypsin. Proteins were analyzed 
using standard SDS-PAGE and immunoblotting with FliC 
specific polyclonal antibodies. 
0346 Animal Experiments. 
(0347. Female NMRI mice (6-8 weeks old) were pur 
chased from Charles River Laboratories (France) and main 
tained in a specific pathogen-free facility in an accredited 
establishment (HA59107: Institut Pasteur de Lille). All 
experiments complied with current national and institutional 
regulations and ethical guidelines. 
0348 For hyper-immunization, animals were injected 
Subcutaneously (s.c.) with the flagellin FliC (1 lug per 
injection) emulsified in 200 ul of complete Freund's adju 
vant (CFA)/PBS on day 1 and incomplete Freund's adjuvant 
(IFA)/PBS on days 21, 35 and 49. On day 63, mice were 
given 200 ul flagellin/PBS i.v. and were sacrificed 2 h later 
by intraperitoneal (i.p.) injection of 5 mg sodium pentobar 
bital (CEVA Sante Animale, France) for serum and tissue 
sampling and analysis. 
0349 To characterize the mucosal innate response and 
adjuvant properties, 20 ul of PBS-proteins were adminis 
tered intranasally (i.n.) to mice anesthetized i.p. with 1.5 mg 
ketamine (Merial, France) and 0.3 mg xylazine (Bayer, 
Germany) per 25 g animal. 
0350. To study pro-inflammatory responses, mice were 
sampled either at 2 h (for RNA and gene expression assays) 
or 6 h (to test cytokine production). 
0351. For immunization assays, mice were administered 
in. with PBS+LPS-depleted ovalbumin (OVA) (20 ug, 
Sigma, grade VII, USA) iflagellins (1 lug) on days 1 and 21. 
Bronchoalveolar lavages (BALS) and serum were sampled 
on day 35. 
0352 To assess neutralization, immune and mock sera 
were heated for 30 min at 56°C. to inactivate complement. 
Serial serum dilutions (in 200 ul of PBS) were passively 
transferred to animals by the i.v. route 1 h before systemic 
activation with flagellins. In some experiments, Sera were 
mixed with flagellins diluted in PBS and administered in. to 
test mucosal neutralization. 

0353 BALs were collected after the intra-tracheal injec 
tion of lml PBS with Complete Protease Inhibitor Cocktail 
(Roche, Switzerland) and clarified by centrifugation. 
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0354 Blood samples were collected and clotted at room 
temperature, with the serum then being separated by cen 
trifugation. 
0355 Lung protein extracts were prepared by homog 
enizing tissue with 2 ml T-PER Tissue Protein Extraction 
Reagent (Pierce, USA) supplemented with protease inhibi 
tors. All samples were stored at -80° C. prior to analysis. 
0356 Analysis of Antigen-Specific Antibody Responses. 
0357 Levels of OVA- or flagellin-specific antibodies in 
serum and BAL samples were assessed using ELISAS. 
0358 Briefly, OVA (20 ug per well in phosphate buffer 
0.2M pH 6.5) and flagellin FliC (100 ng per well in PBS) 
were coated on MaxiSorp microplates (Nalge Nunc Int., 
USA) overnight at 4°C. All microplates were washed with 
PBS/Tween20 0.05% and then blocked with PBS/Dry Milk 
1% for 1 h at room temperature. 
0359 Serial dilutions of samples were incubated for 1 h 
at room temperature before development. Biotinylated anti 
mouse IgG or IgA antibodies (Southern Biotechnology 
Associates, USA), HRP-conjugated streptavidin (GE 
Healthcare, USA) and 3,3'5.5" tetramethylbenzidine (Bec 
ton Dickinson Bioscience, USA) were used as development 
reagents. The reaction was stopped by addition of H2SO 
and the OD at 450 nm was determined. 
0360. The IgG titer was defined as the reciprocal of the 
highest sample dilution yielding an absorbance value of 0.15 
OD for OVA and 0.5 OD for FliC and was systematically 
compared with a reference serum. Titers are given as geo 
metrical means of titers from individual mice. 
0361 Total IgA and OVA-specific IgA levels in BALs 
were measured and normalized using a calibration curve 
with commercial mouse IgA (Sigma). The specific IgA ratio 
(expressed in ng of OVA-specific IgA perug total IgA) was 
determined for each mouse. 
0362 Cytokine-Specific ELISA and Gene Expression. 
0363 Mouse CXCL2 and CCL20 and human IL-8 
(CXCL8) levels were measured in serum, BALs, total lung 
and/or cell culture Supernatant using commercial ELISA kits 
(R&D Systems, USA). 
0364 Total RNA from mouse lungs was extracted with 
the Nucleospin RNA II kit (Macherey Nagel, Germany) and 
reverse-transcribed with the High-Capacity cDNA Archive 
Kit (Applied Biosystems, USA). The resulting cDNA was 
amplified using SYBR Green-based real-time PCR (Applied 
Biosystems). 
0365. The specific primers are CGTCATCCATGGC 
GAACTG (SEQ ID NO 19)/GCTTCTTTGCAGCTCCT 
TCGT (SEQ ID NO 20) (ACTB, coding for B-actin), 
TTTTGGGATGGAATTGGACAC (SEQ ID NO 21)/ 
TGCAGGTGAAGCCTTCAACC (SEQ ID NO 22) 
(CCL20), and CCCTCAACGGAAGAACCAAA (SEQ ID 
NO 23)/CACATCAGGTACGATCCAGGC (SEQ ID NO 
24) (CXCL2). Relative mRNA levels (2^^) were deter 
mined by comparing (a) the PCR cycle thresholds (Ct) for 
the gene of interest and ACTB (ACt) and (b) ACt values for 
treated and control groups (AACt), as described previously 
(Sierra et al., 2001, Flagellin stimulation of intestinal epi 
thelial cells triggers CCL20-mediated migration of dendritic 
cells. Proc. Natl. Acad. Sci. USA 98: 13722-13727). 
0366 Cell-Based Assays. 
0367 The Caco-2 human colon adenocarcinoma cell line 
was stably transfected with the plasmid harboring a 
luciferase gene under the control of the human CCL20 
promoter (Rumbo et al., 2004, Lymphotoxin beta receptor 
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signaling induces the chemokine CCL20 in intestinal epi 
thelium. Gastroenterol. 127:213-223), giving rise to the 
Caco-Rumbo line. 
0368. These intestinal epithelial cells were grown in 
Dulbecco's Modified Eagle's Medium supplemented with 
10% fetal calf serum, 10 mM HEPES, non-essential amino 
acids 1x, penicillin (100 U/ml) and streptomycin (100 U/ml) 
and (for transgene selection) 0.7 ring/mL G418 (Invitrogen). 
0369. The human bronchial epithelial cell line BEAS-2B 
was cultured in Kaigh's F12 nutrient medium Supplemented 
as for Caco-Rumbo medium plus 1 mM sodium pyruvate 
and insulin-transferrin-selenium mix (Invitrogen). 
0370 Cells were stimulated with recombinant flagellins 
for 6 h for luciferase assays or for 16 h before harvesting the 
supernatant for ELISA. 
0371 Luciferase activity in cell extracts was measured 
using the Bright Glo Luciferase Assay (Promega, USA). 
Relative luminescence (RLU) was normalized as a percent 
age of the maximum activity with wild type flagellin for the 
activation test with the recombinant flagellins. For the in 
vitro neutralization test, the RLU was normalized as a 
percentage of the maximum activity for each protein: 
(RLU/RLUtreated RLU/RLUmtreated). X100. 
0372 Statistical Analysis. 
0373 Statistical differences were analyzed using the 
Mann-Whitney test and were considered to be significant for 
p values <0.05. Unless otherwise specified, results are 
expressed as arithmetic meansistandard deviation. 
0374 Results 
0375 Deletion of Flagellin's Hypervariable Region 
Impairs Antigenicity but does not Modify TLR5-Stimulating 
Activity 
0376 Two novel flagellin molecules (FliCAs, and 
FliCAzoo, composed respectively of 336 and 271 amino 
acids) were constructed by internal deletion (FIG. 1A). 
0377 As a control, we used the previously characterized 
variant FliCAo, which has a partial deletion in the 
antigenic domain (Yoshioka et al., 1995, Flagellar filament 
structure and cell motility of Salmonella typhimurium 
mutants lacking part of the outer domain of flagellin. J. 
Bacteriol. 177:1090-1093) (FIG. 1A). 
0378. As a negative control for in vitro and in vivo 
experiments, mutations that impair TLR5 signaling were 
introduced into FliCAzoo, yielding the recombinant pro 
tein FliCal 74.400/89-96. 
0379 The predicted structures of the respective flagellins 
indicated that the motif 89-96 and the overall structure of the 
conserved regions were unchanged (FIG. 1A). 
0380. With the exception of FliCA, the variants 
were unable to complement the motility of flagellin-deficient 
bacteria and were secreted into the culture Supernatant. 
0381 Next, we assessed the intrinsic antigenicity of the 
recombinant flagellins. To this end, Saturating concentra 
tions of flagellins were coated onto microplates and probed 
by ELISA, using a hyperimmune serum specific for FliC or 
FliCal 74.400. 
0382. As illustrated in FIG. 1B, we observed 3- to 10-fold 
lower antibody titers when anti-FliC serum was titrated 
against FliC variants than against wild type FliC. 
0383. In contrast, the reactivity of hyperimmune serum 
specific for FliCAzoo was similar, whatever the target 
flagellin (FIG. 1C). 
0384 These results suggest that the central hypervariable 
region is the major target for anti-flagellin antibodies. 
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0385) Lastly, we sought to establish whether or not the 
recombinant molecules retained any TLR5-stimulating 
activity. 
0386 A dose-response analysis was performed using 
Caco-Rumbo reporter cells and the lung epithelial cell line 
BEAS-2B. Activation was assessed by measuring luciferase 
activity in Caco-Rumbo cells and IL-8 secretion by BEAS 
2B cells (human intestinal epithelial cell lines are unique 
reporters of the flagellin/TLR5-stimulatory activity, based 
on the expression of chemokines CCL20, also known as 
“liver-activated and -regulated chemokines’ or “LARC, and 
IL-8). 
0387 As shown in FIG. 2A-B, FliCAoo, FliCAoss 
and FliCAzoo were all potent cell activators. The flagel 
lins’ respective EC50 values varied slightly with the cell 
type but fell within the previously described ng/mL range 
(Smith et al., 2003, Toll-like receptor 5 recognizes a con 
served site on flagellin protofilament formation and bacterial 
motility. Nat. Immunol. 4:1247-1253). 
0388. The recombinant flagellins’ activity was found to 
be fully dependent on TLR5, since FliCA74 alooso-oo was 
unable to activate epithelial cells. 
0389. The requirement for TLR5 signaling was further 
confirmed by using bone marrow macrophages derived from 
TLR5-deficient mice; the cells did not synthesize any IL-12 
p40 upon stimulation with recombinant flagellins (data not 
shown). 
0390 Deleted Flagellins Stimulate TLR5-Dependent 
Mucosal Innate Responses 
0391 TLR5 stimulation by recombinant flagellins was 
then studied in vivo by the mucosal route. 
0392 To this end, CCL20 and CXCL2 expression in the 
lungs of mice treated in. with flagellins was quantified using 
gRT-PCR (FIG. 2C). 
0393 Within 2 hours, CCL20 mRNA pulmonary levels 
were about 30-fold higher in animals treated with wild type 
or recombinant flagellins than in mock-treated animals. 
0394 Furthermore, CCL20 chemokine production was 
detected at 6 h post-instillation, both in lung homogenates 
and BALS (FIG. 2D). In control experiments, FliCAzoo, 
89-96* and trypsin-digested flagellins did not induce this type 
of effect. Similar findings were observed for CXCL2 (data 
not shown). 
0395. These results confirmed that the in vivo pro-in 
flammatory response was exclusively due to the recombi 
nant flagellins. 
0396 Overall, flagellins with deletions in the hypervari 
able region displayed mucosal pro-inflammatory properties 
equivalent to those of the wild type FliC counterpart. 
0397 Recombinant Flagellins Exhibit Mucosal Adjuvant 
Activity 
0398. In order to characterize the adjuvant properties of 
our recombinant molecules, antibody responses in serum 
and secretions were studied after i.n. immunizations. 

0399. Ovalbumin (OVA) was used as a model antigen, 
formulated with or without the various flagellins or with 
cholera toxin (CT) as a gold standard mucosal adjuvant. 
0400. The co-administration of FliC with OVA signifi 
cantly increased the OVA-specific IgG response (both in 
serum and the BAL, about 300- and 100-fold, respectively), 
compared with animals immunized with OVA alone (FIG. 
3A-B). 
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0401 Moreover, the OVA-specific IgA response was 
enhanced in BAL, thereby Suggesting that FliC promotes the 
archetypal Secretory antibody response of a mucosal adju 
vant (FIG. 3C). 
0402 Interestingly, FliC's effect was similar to that of 
CT. 

0403. Like FliC, the recombinant flagellins FliCAoo, 
FliCAoss and FliCA 74 oo were thus able to potentate 
systemic and mucosal responses. 
04.04. In contrast, FliCAzoosoog and trypsin-treated 
flagellins lacked potency (FIG. 3 and Table 1). 
04.05 Hence, the deletion of flagellin's hypervariable 
region did not significantly influence the TLR5-mediated 
mucosal adjuvant properties. Our data also showed that the 
recombinant molecules respective effects on innate and 
adaptive immunity are correlated. 
0406 Deletion of the Hypervariable Region Impairs the 
Ability to Elicit Anti-Flagellin Antibodies. 
04.07 Deletion of the antigenic domain is expected to 
decrease the flagellin-specific immune response and thereby 
any neutralization of TLR5-mediated immunity, especially 
with repeated administration. 
0408. We therefore decided to assess the efficacy of in. 
immunization with respect to the induction of FliC-specific 
antibodies. 

04.09. As shown, FliC elicited a strong IgG response in 
serum and BALS (Table 1 and FIG. 4). In contrast, FliCA. 
292 triggered 10-fold lower antibody levels in both fluids 
than did FliC and a more pronounced effect was observed 
after immunization with FliCA19-3s2 and FliCA 74.400. 
0410. In conclusion, the flagellins antigenic and immu 
nostimulatory domains are functionally uncoupled. There 
fore, FliCAoss and FliCAzoo are molecules of interest 
for preventing or attenuating the generation of flagellin 
specific antibodies with neutralizing activity. 
0411 Flagellin-Specific Antibodies Neutralize TLR5 
Mediated Signaling 
0412 Bacterial flagellins are known to elicit strong anti 
body responses, which are mainly directed against the 
hypervariable region. We hypothesized that anti-flagellin 
antibodies would neutralize the flagellins' TLR5-stimulating 
activity. 
0413 Hence, mice were immunized s.c. with the flagellin 
FliC or a mock preparation (PBS alone or the irrelevant 
antigen ovalbumin (OVA) formulated in CFA), followed by 
boosts with IFA. ELISA analysis revealed that the anti-FliC 
sera exhibited specific IgG titers >10, whereas mock sera 
titers were below the assay’s detection threshold (10). 
0414. As above-mentioned, human intestinal epithelial 
cell lines are useful as unique reporters of flagellin/TLR5 
stimulatory activity, based on expression of the chemokine 
CCL20 (also known as “liver-activated and -regulated 
chemokine', LARC). 
0415 Thus using Caco-Rumbo cells harboring the 
luciferase gene under the control of the CCL20 promoter, it 
is here demonstrated that an anti-FliC serum is able to fully 
neutralize FliC's TLR5 agonist activity (FIG. 5A). 
0416) The neutralizing effect of FliC-specific antibodies 
on TLR5 signaling was then directly assessed in immunized 
animals. To this end, systemic pro-inflammatory responses 
in mice (production of CCL20 and CXCL2 chemokines) 
were studied after i.v. injection of FliC (FIG. 5B-C). 
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0417. In mock-immunized animals, a FliC challenge trig 
gered a significant increase in serum levels of CCL20 and 
CXCL2, compared with a PBS challenge. 
0418. In contrast, chemokine production in FliC-immu 
nized animals was not enhanced by any of the challenges. 
Using passive serum transfer in nave animals, a close 
correlation was found between the amount of antibody 
injected and the systemic innate response, as shown in FIG. 
SD. 
0419. In conclusion, pre-existing immunity to flagellin 
can neutralize the latter's TLR5-stimulating activity, both in 
vitro and in vivo. 
0420. This is not the case with FliCAzoo, which is 
strongly impaired in its capacity to promote the production 
of flagellin-specific antibodies, including neutralizing anti 
bodies, as disclosed before in accordance with FIG. 4. 
0421. The effective doses needed to initiate TLR5-medi 
ated innate responses by the in. route, was determined. FliC 
and FliCAzoo displayed similar dose-response profiles 
and the 0.1 ug dose was selected for Subsequent neutraliza 
tion assays (FIG. 6). 
0422 To this end, animals were hyper-immunized in. 
with FliC to elicit strong, FliC-specific mucosal IgG 
responses (meantiter ~45,000) and then challenged in. with 
0.1 ug FliC or FliCAzoo flagellins. Pro-inflammatory 
chemokine production in BALS was monitored. 
0423 Challenge with FliC or FliCAzoo led to CCL20 
production (4.28+1.98 vs 1.08+0.54 ng/ml and 2.48+1.22 vs 
0.93+0.48 ng/ml in mock- and FliC-immunized mice, 
respectively) as observed in nave animals. 
0424. Mucosal and Systemic TLR5-Dependent 
Responses Depend to Different Extents on the Hypervari 
able Flagellin Region 
0425 We also wanted to study the neutralization by 
flagellin-specific antibodies of TLR5-dependent responses 
induced after i.v. injection of the recombinant flagellins. 
0426 To analyze the systemic activation of innate immu 
nity, the production in circulating pro-inflammatory 
chemokines CCL20 and CXCL2 was measured by ELISA in 
serum (FIG. 7). 
0427 Unexpectedly, we observed that FliCAzoo was 
about 100-fold impaired in its ability to trigger systemic 
pro-inflammatory effects, compared with the wild type FliC. 
0428. Whereas 10 ug FliCAzoo stimulated a slight 
chemokine production, the variant mutated within the TLR5 
motif FliCAzoosoo was devoid of activity (0.85-0.27 
vs 0.02+0.00 ng/ml for CCL20). 
0429. This contrasted with FliCAo 292 and FliCAoss2. 
which were both potent activators like FliC. 
0430 Hence, certain molecular determinants on the 
hyperVariable region (or dependent on the latter) are 
required for systemic TLR5 stimulation but not mucosal 
TLR5 stimulation. Taken as a whole, our results indicate that 
TLR5 activation within the mucosal and the systemic com 
partments is controlled by distinct mechanisms. 

Example 2 
Biological Activity of Hypervariable 

Region-Deleted Flagellins Selected from the Group 
Consisting of FliCA1744oo, FliCA161-40s and 

FliCass-40s 
Production of Recombinant Hypervariable Region-Deleted 
Flagellins. 
0431 Various hypervariable region-deleted flagellins 
were recombinantly produced by performing the same 
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method as disclosed in Example 1 above, namely FliCA. 
400, FliCA161-40s, and FliCaiss-40s and FliCaloo.40s. 
0432 FIGS. 8 and 9 depict analyses of the said recom 
binantly produced proteins. 
0433 FIG. 8 shows the result of a SDS PAGE electro 
phoresis that has been performed on the recombinant pro 
teins collected from the culture supernatant from the corre 
sponding recombinant S. typhimurium SIN41 bacterial cells, 
after a step of protein precipitation with TCA. 
0434 FIG. 9 shows the result of a Western blotting assay 
using anti-FliC polyclonal antibodies that has been per 
formed on the culture Supernatant from the corresponding 
recombinant S. typhimurium SIN41 bacterial cells, after a 
step of protein precipitation with TCA. 
0435 Biological Activity of the Hypervariable Region 
Deleted Flagellins FliCA74 aoo, FliCAcaos, and FliCA iss 
4-05 

0436 The effect of the FliCAzoo, FliCAaos, and 
FliCAssaos on the induction of CCL20 and CXCL2 was 
assayed, by performing the cytokine-specific ELISA assay 
that is described in Example 1. 
0437 Briefly, C3H/Hell (TLR4-deficient) were injected 
intraperitoneally with 10 ug of the various recombinant 
flagellins deleted from positions 174-400, 161-405, and 
138-405. 
0438. After 2 h, serum were sampled and processed for 
cytokine specific ELISA (CCL20 and CXCL2). 
0439. The flagellin preparation were derived from super 
natant of recombinant Salmonella that was previously pre 
cipitated with ammonium sulfate and dialyzed (FIGS. 8 and 
9). Since these crude preparation may be contaminated with 
endotoxin, we used mice deficient for TR4 signaling since 
LPS may be a main contaminant in these crude preparation. 
In addition, we used trypsin-treatment to demonstrate that 
the biological activity is present in the protein fraction of 
crude preparations. 
0440 The results are depicted in FIGS. 10 (induction of 
CCL20) and 11 (induction of CXCL2). 
0441 The results of FIGS. 10 and 11 suggest that the 
recombinant flagellins FliCA161-40s and FliCAssaos are 
competent for signaling in vivo as described for FliCA. 
4OO 

0442. These results suggest that FliCAaos and 
FliCAssaos are effective TLR5 agonists and therefore may 
represent effective adjuvant compounds. 

Example 3 

Adjuvant Activity of FliCA74 oo on Immune 
Responses Against the gp140 Antigen from the 

HIV1 Virus 

0443) Immunization protocols and the analysis of the 
antigen-specific antibody responses are the same as 
described in Example 1, excepted for specific features that 
may be specified below. 
0444 Briefly, adjuvant activity of native Flagellin FliC 
and recombinant FliCAzoo on HIV1 antigen gp140 was 
performed as follows: NMRI mice (n=8) were immunized 
on day 1 and on day 21 intranasally with 20 ul PBS 
containing gp140 (5 Jug per mice) without or with FliC or 
FliCA1744oo (1 Lig per mice). 
0445 Serum and bronchoalveolar lavages (BAL) were 
sampled on day 35 and the antibody titer was determined by 
gp140-specific ELISA. 
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0446. The results are depicted in FIG. 12, where each 
symbol represent individual mice and the bar represent the 
geometric mean. 
0447 The symbols mean mice administered intranasally 
with, respectively: (i) Circles: HIV1 gp140 alone; (ii) dia 
mond: HIV1 gp140+FliCAzoo; (iii) triangle: gp140+FliC. 
0448 Antibody titers from serum samples are repre 
sented as filled symbols on the left part of FIG. 12 (closed 
symbols). Antibody titers from bronchoalveolar lavage 
samples are represented as open symbols on the right part of 
FIG. 12. 

0449 The results show that various hypervariable region 
deleted fagellins as defined in the present specification 
consist of effective immunoadjuvant compounds. 

TABLE 1. 

Protease-Sensitive immune responses induced by recombinant flagellins' 

Anti-OVA IgG Anti-FliC IgG 

intranasal Still BAL Still BAL 

immunisation* mean SD mean SD mean SD mean SD 

PBS ND*** O.O ND O.O ND O.O ND O.O 
OVA 2.4 O.8 11 O.7 ND O.O ND O.O 
FiC + OVA 5.7 O.1 3.9 O.S 5.9 O.6 3.O O.7 
FliCA204-292 + 5.5 O.9 3.4 O.8 3.3 O.8 1.O O.S 
OVA 
FliCA19-352 + 4.5 13 2.9 O.9 2.2 O.3 ND O.O 
OVA 
FliCA174 oo + OVA 4.9 O.9 2.7 O.9 2.O O.1 O1 O.2 
TRP - OVA 3.4 12 13 O.8 ND O.O ND O.O 
FICFTRP - OVA 2.8 OS 1.1 O.6 ND O.O. O.3 0.3 
FliCD204-202, TRP + 3.0 14 O.8 1.0 ND O.O ND O.O 
OVA 
FliCD191352, TRP + 2.6 0.7 O.8 O.9 ND O.O ND O.O 
OVA 
FliCD1744oo TRP + 26 O.4 11 O.9 ND O.O ND O.O 
OVA 

*Mice (n = 8) were immunized in, with PBS, ovalbumin (OVA), OVA + flagellins 
flagellin-derived peptides or OVA + trypsin-treated flagellins (TRP) on days 1 and 21. On 
day 35, OVA-and FliC-specific IgG titers were measured in the serum and BALs. 
Statistical significance (p > 0.05) was determined in a Mann-Whitney test, 
**Values are expressed as Log10 (reciprocal titers) + standard deviation (SD). In serum 
and BAL, limit of detection is 2 and 0.3 (/100 serum dilution and "/2 BAL dilution), 
respectively, 
****ND stands for “Not Detected. 

TABLE 2 

Sequences 

SEQ ID No Type Description 

1 peptide Flagellin (FliC) 
2 peptide FliCA174-400 
3 nucleic aci Flagellin (FliC) 
4 nucleic aci primer 
5 nucleic aci primer 
6 nucleic aci primer 
7 nucleic aci primer 
8 nucleic aci primer 
9 nucleic aci primer 
10 nucleic aci primer 
11 nucleic aci primer 
12 nucleic aci primer 
13 nucleic aci primer 
14 nucleic aci FliCA174-400 
15 nucleic aci primer 
16 nucleic aci primer 
17 nucleic aci primer 
18 nucleic aci primer 
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TABLE 2-continued TABLE 2-continued 

- Sequences - Sequences 

SEQ ID No Type Description SEQ ID No Type Description 

19 nucleic acid primer 26 peptide FliCA138-405 
2O nucleic acid primer 27 eptide FC 
21 nucleic acid primer pep I-A100-405 
22 nucleic acid primer 28 nucleic acid FICA161-405 
23 nucleic acid primer 29 nucleic acid FliCA138-405 
24 nucleic acid primer 30 nucleic acid FliCA100-405 
25 peptide FliCA161-405 

SEQUENCE LISTING 

<16 Os NUMBER OF SEO ID NOS: 3 O 

<21 Os SEQ ID NO 1 
&211s LENGTH: 494 
212s. TYPE: PRT 
<213> ORGANISM: Salmonella enterica 

<4 OOs SEQUENCE: 1 

Ala Glin Wall Ile Asn. Thir ASn Ser Lieu. Ser Lieu. Lieu. Thr Glin Asn. Asn 
1. 5 1O 15 

Lieu. Asn Llys Ser Glin Ser Ala Lieu. Gly Thr Ala Ile Glu Arg Lieu. Ser 
2O 25 3 O 

Ser Gly Lieu. Arg Ile Asn. Ser Ala Lys Asp Asp Ala Ala Gly Glin Ala 
35 4 O 45 

Ile Ala Asn Arg Phe Thr Ala Asn. Ile Lys Gly Lieu. Thr Glin Ala Ser 
SO 55 60 

Arg Asn Ala Asn Asp Gly Ile Ser Ile Ala Glin Thir Thr Glu Gly Ala 
65 70 7s 8O 

Lieu. Asn. Glu Ile Asin Asn. Asn Lieu. Glin Arg Val Arg Glu Lieu Ala Val 
85 90 95 

Glin Ser Ala Asn. Ser Thr Asn. Ser Glin Ser Asp Lieu. Asp Ser Ile Glin 
1OO 105 110 

Ala Glu Ile Thr Glin Arg Lieu. Asn. Glu Ile Asp Arg Val Ser Gly Glin 
115 12O 125 

Thr Glin Phe Asin Gly Val Llys Val Lieu Ala Glin Asp Asn. Thir Lieu. Thr 
13 O 135 14 O 

Ile Glin Val Gly Ala Asn Asp Gly Glu Thir Ile Asp Ile Asp Lieu Lys 
145 15 O 155 16 O 

Glin Ile Asn. Ser Glin Thr Lieu. Gly Lieu. Asp Thir Lieu. Asn Val Glin Glin 
1.65 17 O 17s 

Llys Tyr Llys Val Ser Asp Thr Ala Ala Thr Val Thr Gly Tyr Ala Asp 
18O 185 190 

Thir Thr Ile Ala Lieu. Asp Asn Ser Thr Phe Lys Ala Ser Ala Thr Gly 
195 2 OO 2O5 

Lieu. Gly Gly. Thir Asp Glin Lys Ile Asp Gly Asp Lieu Lys Phe Asp Asp 
210 215 22 O 

Thir Thr Gly Lys Tyr Tyr Ala Lys Val Thr Val Thr Gly Gly Thr Gly 
225 23 O 235 24 O 

Lys Asp Gly Tyr Tyr Glu Val Ser Val Asp Llys Thr Asn Gly Glu Val 
245 25 O 255 

Thr Lieu Ala Gly Gly Ala Thr Ser Pro Leu. Thr Gly Gly Lieu Pro Ala 
26 O 265 27 O 
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- Continued 

Thir Ala Thr Glu Asp Wall Lys Asn Val Glin Val Ala Asn Ala Asp Lieu. 
27s 28O 285 

Thr Glu Ala Lys Ala Ala Lieu. Thir Ala Ala Gly Val Thr Gly Thr Ala 
29 O 295 3 OO 

Ser Val Val Lys Met Ser Tyr Thr Asp Asn. Asn Gly Llys Thir Ile Asp 
3. OS 310 315 32O 

Gly Gly Lieu Ala Val Llys Val Gly Asp Asp Tyr Tyr Ser Ala Thr Glin 
3.25 330 335 

Asn Lys Asp Gly Ser Ile Ser Ile Asn. Thir Thr Llys Tyr Thr Ala Asp 
34 O 345 35. O 

Asp Gly. Thir Ser Llys Thr Ala Lieu. Asn Llys Lieu. Gly Gly Ala Asp Gly 
355 360 365 

Llys Thr Glu Val Val Ser Ile Gly Gly Lys Thr Tyr Ala Ala Ser Lys 
37 O 375 38O 

Ala Glu Gly His Asn. Phe Lys Ala Glin Pro Asp Lieu Ala Glu Ala Ala 
385 390 395 4 OO 

Ala Thir Thir Thr Glu Asn Pro Lieu Gln Lys Ile Asp Ala Ala Lieu Ala 
4 OS 41O 415 

Glin Val Asp Thir Lieu. Arg Ser Asp Lieu. Gly Ala Val Glin Asn Arg Phe 
42O 425 43 O 

Asn Ser Ala Ile Thr Asn Lieu. Gly Asn Thr Val Asn. Asn Lieu. Thir Ser 
435 44 O 445 

Ala Arg Ser Arg Ile Glu Asp Ser Asp Tyr Ala Thr Glu Val Ser Asn 
450 45.5 460 

Met Ser Arg Ala Glin Ile Lieu. Glin Glin Ala Gly. Thir Ser Val Lieu Ala 
465 470 47s 48O 

Glin Ala Asn Glin Val Pro Glin Asn Val Lieu. Ser Lieu. Lieu. Arg 
485 490 

<210s, SEQ ID NO 2 
&211s LENGTH: 271 
212. TYPE: PRT 

<213> ORGANISM: Salmonella enterica 

<4 OOs, SEQUENCE: 2 

Ala Glin Wall Ile Asn. Thir Asn. Ser Lieu. Ser Lieu. Lieu. Thr Glin Asn. Asn 
1. 5 1O 15 

Lieu. Asn Llys Ser Glin Ser Ala Lieu. Gly. Thir Ala Ile Glu Arg Lieu. Ser 
2O 25 3O 

Ser Gly Lieu. Arg Ile Asn. Ser Ala Lys Asp Asp Ala Ala Gly Glin Ala 
35 4 O 45 

Ile Ala Asn Arg Phe Thr Ala Asn. Ile Lys Gly Lieu. Thr Glin Ala Ser 
SO 55 6 O 

Arg Asn Ala Asn Asp Gly Ile Ser Ile Ala Glin Thir Thr Glu Gly Ala 
65 70 7s 8O 

Lieu. Asn. Glu Ile Asn. Asn. Asn Lieu. Glin Arg Val Arg Glu Lieu Ala Val 
85 90 95 

Glin Ser Ala Asn. Ser Thr Asn. Ser Glin Ser Asp Lieu. Asp Ser Ile Glin 
1OO 105 11 O 

Ala Glu Ile Thr Glin Arg Lieu. Asn. Glu Ile Asp Arg Val Ser Gly Glin 
115 12 O 125 

Thr Glin Phe Asin Gly Val Llys Val Lieu Ala Glin Asp Asn. Thir Lieu. Thir 
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13 O 

Ile Glin Wall 
145 

Glin Ile Asn 

Gly Ala Thr 

Ala Glin Wall 
195 

Phe Asn. Ser 

Ser Ala Arg 
225 

Asn Met Ser 

Ala Glin Ala 

<210s, SEQ I 
&211s LENGT 
212. TYPE : 

135 

Gly Ala Asn Asp Gly 
150 

Ser Glin Thr Lieu. Gly 
1.65 

Thir Thr Glu Asn. Pro 
18O 

Asp Thir Lieu. Arg Ser 

Ala Ile Thir Asn Lieu. 
215 

Ser Arg Ile Glu Asp 
23 O 

Arg Ala Glin Ile Lieu. 
245 

Asn. Glin Wall Pro Glin 
26 O 

D NO 3 
H: 1488 
DNA 

Glu Thir Ile 
155 

Lieu. Asp Thr 
17O 

Lieu. Glin Lys 
185 

Asp Lieu. Gly 

Gly Asn Thr 

Ser Asp Tyr 
235 

Glin Glin Ala 
250 

Ser Wall Lieu 
265 

<213> ORGANISM: Salmonella enterica 

<4 OOs, SEQUENCE: 3 

atggcacaag 

tcc.cagtc.cg 

gcgaaagacg 

Ctgact cagg 

gcgctgaacg 

aacago acca 

aacgaaatcg 

gacaac accc 

alagcagat.ca 

gtcagogata 

agtacttitta 

ttaaaatttg 

ggtaaagatg 

aatgtacaag 

gttaccggca 

gatggtggitt 

ggttccataa 

Ctaaacaaac 

tacgctgcaa 

gctgctacaa 

toattaatac 

Ctctgggcac 

atgcggCagg 

citt cocqtaa 

aaatcaacaa. 

act cocagtic 

accotgitatic 

tgaccatcca 

act ct cagac 

cggctgcaac 

atgatacgac 

gct attatga 

citt coccgct 

ttgcaaatgc 

cagcatctgt 

tag cagittaa 

gtattaatac 

tgggtggcgc 

gtaaag.ccga 

ccaccgaaaa 

cgctatcgag 

t caggcgatt 

cgctaacgac 

Calacctgcag 

tgacct coac 

cggc.ca.gact 

ggttggtgcc 

Cctgggtctg 

tgttacagga 

tactggtc.tt 

tggaaaat at 

agttt cogtt 

tacaggtgga 

tgatttgaca 

tgttalagatg 

gg taggcgat 

tacgaaatac 

agacggcaaa 

agg to acaac 

cc.cgctgcag 

tcgctgttga 

gctaaccott 

ggitat ct coa 

tccatcc agg 

cagttcaacg 

aacgacggtg 

gatacgctga 

tatgc.cgata 

ggtgg tactg 

tacgc.caaag 

gataagacga 

ctacctg.cga 

gaggctaaag 

t cittatactg 

gattact att 

actgcagatg 

accgaagttg 

tittaaag cac 

aaaattgatg 

22 

- Continued 

14 O 

Asp Ile Asp 

Lieu. Asn Gly 

Ile Asp Ala 
19 O 

Ala Wall Glin 
2O5 

Wall Asn. Asn 
22O 

Ala Thr Glu 

Gly. Thir Ser 

Ser Lieu. Luell 
27 O 

cc.cagaataa 

ccggtctgcg 

ttaccg.cgaa 

ttgcgcagac 

aactggcggit 

ctgaaat cac 

gcgtgaaagt 

aaactat cqa 

atgtgcaa.ca 

citacgattgc 

accagaaaat 

ttaccgttac 

acggtgaggt 

Cagcaactga 

cc.gcattgac 

ataataacgg 

ctgcaactica 

acggtacatc 

tittctattgg 

agcct gatct 

Ctgctttggc 

Lieu Lys 
160 

Ala Ala 
17s 

Ala Lieu 

Asn Arg 

Lieu. Thir 

Wall Ser 
24 O 

Wall Lieu 
255 

Arg 

cctgaacaaa 

tat caac agc 

catcaaaggt 

Cactgaaggc 

t cagt ctdct 

Ccagcgc.ctg 

Cctggcgcag 

tat catctg 

aaaatataag 

tittagacaat 

tgatggcgat 

ggggggalact 

gacticttgct 

ggatgtgaaa 

agcagcaggt 

taaaactatt 

aaataaagat 

caaaactgca 

tgg taaaact 

ggcggaa.gc.g 

acaggttgac 

6 O 

12 O 

18O 

24 O 

3OO 

360 

54 O 

660 

72 O 

84 O 

9 OO 

96.O 

108 O 

114 O 

12 OO 

126 O 
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acgttacgitt ctacctggg togcgg tacag aaccotttca act cogctat tacca acctg 132O 

ggcaac accg taaacaacct gaCttctgcc cqtagcc.gta t caagatt C Cactacgc.g 1380 

accgaagttt C calacatgtc. tcgc.gc.gcag attctgcagc aggc.cgg tac Ctc.cgttctg 144 O 

gcgcaggcga acc aggttcc gcaaaacgt.c Ctctictttac ticgittaa 1488 

<210s, SEQ ID NO 4 
&211s LENGTH: 18 
&212s. TYPE: DNA 

<213> ORGANISM: artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: primer 

<4 OOs, SEQUENCE: 4 

agcagactga accgc.cag 18 

<210s, SEQ ID NO 5 
&211s LENGTH: 19 
&212s. TYPE: DNA 

<213> ORGANISM: artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: primer 

<4 OOs, SEQUENCE: 5 

gctacaacca ccgaaaacc 19 

<210 SEQ ID NO 6 
&211s LENGTH: 19 
&212s. TYPE: DNA 

<213> ORGANISM: artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: primer 

<4 OOs, SEQUENCE: 6 

alaccc.gctgc agaaaattg 19 

<210s, SEQ ID NO 7 
&211s LENGTH: 18 
&212s. TYPE: DNA 

<213> ORGANISM: artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: primer 

<4 OO > SEQUENCE: 7 

caggactitt.c acgc.cgtt 18 

<210s, SEQ ID NO 8 
&211s LENGTH: 26 
&212s. TYPE: DNA 

<213> ORGANISM: artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: primer 

<4 OOs, SEQUENCE: 8 

citt cagat.cg at atcgatag titt cac 26 

<210s, SEQ ID NO 9 
&211s LENGTH: 18 

&212s. TYPE: DNA 

<213> ORGANISM: artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: primer 
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<4 OOs, SEQUENCE: 9 

attcagcgta tccagacc 

<210s, SEQ ID NO 10 
&211s LENGTH: 27 
212. TYPE : DNA 

<213> ORGANISM: artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: primer 

<4 OOs, SEQUENCE: 10 

gttcc.gcaaa gogt cct citc titt actg 

<210s, SEQ ID NO 11 
&211s LENGTH: 27 
212. TYPE : DNA 

<213> ORGANISM: artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: primer 

<4 OOs, SEQUENCE: 11 

Cagtaaagag aggacgctitt gcggaac 

<210s, SEQ ID NO 12 
&211s LENGTH: 31 
212. TYPE : DNA 

<213> ORGANISM: artificial sequence 
& 22 O FEATURE; 

<223> OTHER INFORMATION: primer 

<4 OOs, SEQUENCE: 12 

ggtgcagctg gagctacaac Caccgaaaac C 

<210s, SEQ ID NO 13 
&211s LENGTH: 31 
212. TYPE : DNA 

<213> ORGANISM: artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: primer 

<4 OOs, SEQUENCE: 13 

ggtgcagctg gaalaccc.gct gcagaaaatt g 

<210s, SEQ ID NO 14 
&211s LENGTH: 819 
212. TYPE : DNA 

<213> ORGANISM: Salmonella enterica 

<4 OOs, SEQUENCE: 14 

atggcacaag 

tcc.cagtc.cg 

gcgaaagacg 

Ctgact cagg 

gcgctgaacg 

aacago acca 

aacgaaatcg 

gacaac accc 

toattaatac 

Ctctgggcac 

atgcggCagg 

citt cocqtaa 

aaatcaacaa. 

act cocagtic 

accotgitatic 

tgaccatcca 

cgctatcgag 

t caggcgatt 

cgctaacgac 

Calacctgcag 

tgacct coac 

cggc.ca.gact 

ggttggtgcc 

tcgctgttga 

gctaaccott 

ggitat ct coa 

tccatcc agg 

cagttcaacg 

aacgacggtg 

24 

- Continued 

cc.cagaataa 

ccggtctgcg 

ttaccg.cgaa 

ttgcgcagac 

aactggcggit 

ctgaaat cac 

gcgtgaaagt 

aaactat cqa 

cctgaacaaa 

tat caac agc 

catcaaaggt 

Cactgaaggc 

t cagt ctdct 

Ccagcgc.ctg 

Cctggcgcag 

tat catctg 

Jan. 26, 2017 

18 

27 

27 

31 

31 

6 O 

12 O 

18O 

24 O 

3OO 

360 

42O 
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alagcagat.ca act cto agaC cctgggtctg gatacgctga atggtgctgc tiggtgctaca 54 O 

accaccgaaa accc.gctgca gaaaattgat gctgctittgg cacaggttga cacgttacgt. 6OO 

tctgacctgg gtgcgg taca gaaccotttcaactic cqcta ttaccaacct gggcaac acc 660 

gtaaacaa.cc tacttctgc ccgtagcc.gt atcgaagatt C cactacgc gaccgaagtt 72 O 

tcca acatgt Ctcgc.gc.gca gattctgcag caggc.cggta Cct cogttct ggcgcaggcg 78O 

aaccaggttc cqcaaag.cgt cct ct ctitta citgcgittaa 819 

<210s, SEQ ID NO 15 
&211s LENGTH: 24 
&212s. TYPE: DNA 

<213> ORGANISM: artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: primer 

<4 OOs, SEQUENCE: 15 

agcaccattc agcgitaticca gacc 24 

<210s, SEQ ID NO 16 
&211s LENGTH: 24 
&212s. TYPE: DNA 

<213> ORGANISM: artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: primer 

<4 OOs, SEQUENCE: 16 

gctggtgcta Calaccaccga aaac 24 

<210s, SEQ ID NO 17 
&211s LENGTH: 27 
&212s. TYPE: DNA 

<213> ORGANISM: artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: primer 

<4 OOs, SEQUENCE: 17 

tcqagatat c ctd taacagt togcagcc 27 

<210s, SEQ ID NO 18 
&211s LENGTH: 29 
&212s. TYPE: DNA 

<213> ORGANISM: artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: primer 

<4 OOs, SEQUENCE: 18 

actic gaggac ggtacatcca aaactgcac 29 

<210s, SEQ ID NO 19 
&211s LENGTH: 19 
&212s. TYPE: DNA 

<213> ORGANISM: artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: primer 

<4 OOs, SEQUENCE: 19 

cgtcatcc at ggcgaactg 19 

<210s, SEQ ID NO 2 O 
&211s LENGTH: 21 
&212s. TYPE: DNA 
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<213> ORGANISM: artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: primer 

<4 OOs, SEQUENCE: 2O 

gcttctittgc agct cott cq t 21 

<210s, SEQ ID NO 21 
&211s LENGTH: 21 
&212s. TYPE: DNA 

<213> ORGANISM: artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: primer 

<4 OOs, SEQUENCE: 21 

ttittgggatg gaattggaca C 21 

<210s, SEQ ID NO 22 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: primer 

<4 OOs, SEQUENCE: 22 

tgcaggtgaa gccttcaacc 2O 

<210 SEQ ID NO 23 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: primer 

<4 OOs, SEQUENCE: 23 

c cct caacgg aagaac caaa 2O 

<210s, SEQ ID NO 24 
&211s LENGTH: 21 
&212s. TYPE: DNA 

<213> ORGANISM: artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: primer 

<4 OOs, SEQUENCE: 24 

Cacat Caggit acgatcCagg C 21 

<210s, SEQ ID NO 25 
&211s LENGTH: 253 
212. TYPE: PRT 

<213> ORGANISM: Salmonella enterica 

<4 OOs, SEQUENCE: 25 

Ala Glin Wall Ile Asn. Thir Asn. Ser Lieu. Ser Lieu. Lieu. Thr Glin Asn. Asn 
1. 5 1O 15 

Lieu. Asn Llys Ser Glin Ser Ala Lieu. Gly. Thir Ala Ile Glu Arg Lieu. Ser 
2O 25 3O 

Ser Gly Lieu. Arg Ile Asn. Ser Ala Lys Asp Asp Ala Ala Gly Glin Ala 
35 4 O 45 

Ile Ala Asn Arg Phe Thr Ala Asn. Ile Lys Gly Lieu. Thr Glin Ala Ser 
SO 55 6 O 
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- Continued 

Arg Asn Ala Asn Asp Gly Ile Ser Ile Ala Glin Thir Thr Glu Gly Ala 
65 70 7s 8O 

Lieu. Asn. Glu Ile Asn. Asn. Asn Lieu. Glin Arg Val Arg Glu Lieu Ala Val 
85 90 95 

Glin Ser Ala Asn. Ser Thr Asn. Ser Glin Ser Asp Lieu. Asp Ser Ile Glin 
1OO 105 11 O 

Ala Glu Ile Thr Glin Arg Lieu. Asn. Glu Ile Asp Arg Val Ser Gly Glin 
115 12 O 125 

Thr Glin Phe Asin Gly Val Llys Val Lieu Ala Glin Asp Asn. Thir Lieu. Thir 
13 O 135 14 O 

Ile Glin Val Gly Ala Asn Asp Gly Glu Thir Ile Asp Ile Asp Lieu Lys 
145 150 155 160 

Gly Ala Ala Gly ASn Pro Lieu. Glin Lys Ile Asp Ala Ala Lieu Ala Glin 
1.65 17O 17s 

Val Asp Thir Lieu. Arg Ser Asp Lieu. Gly Ala Val Glin Asn Arg Phe Asn 
18O 185 19 O 

Ser Ala Ile Thir Asn Lieu. Gly Asn Thr Val Asn. Asn Lieu. Thir Ser Ala 
195 2OO 2O5 

Arg Ser Arg Ile Glu Asp Ser Asp Tyr Ala Thr Glu Val Ser Asn Met 
21 O 215 22O 

Ser Arg Ala Glin Ile Lieu. Glin Glin Ala Gly. Thir Ser Val Lieu Ala Glin 
225 23 O 235 24 O 

Ala ASn Glin Val Pro Glin Ser Val Lieu Ser Lieu Lieu. Arg 
245 250 

<210s, SEQ ID NO 26 
&211s LENGTH: 23 O 
212. TYPE: PRT 

<213> ORGANISM: Salmonella enterica 

<4 OOs, SEQUENCE: 26 

Ala Glin Wall Ile Asn. Thir Asn. Ser Lieu. Ser Lieu. Lieu. Thr Glin Asn. Asn 
1. 5 1O 15 

Lieu. Asn Llys Ser Glin Ser Ala Lieu. Gly. Thir Ala Ile Glu Arg Lieu. Ser 
2O 25 3O 

Ser Gly Lieu. Arg Ile Asn. Ser Ala Lys Asp Asp Ala Ala Gly Glin Ala 
35 4 O 45 

Ile Ala Asn Arg Phe Thr Ala Asn. Ile Lys Gly Lieu. Thr Glin Ala Ser 
SO 55 6 O 

Arg Asn Ala Asn Asp Gly Ile Ser Ile Ala Glin Thir Thr Glu Gly Ala 
65 70 7s 8O 

Lieu. Asn. Glu Ile Asn. Asn. Asn Lieu. Glin Arg Val Arg Glu Lieu Ala Val 
85 90 95 

Glin Ser Ala Asn. Ser Thr Asn. Ser Glin Ser Asp Lieu. Asp Ser Ile Glin 
1OO 105 11 O 

Ala Glu Ile Thr Glin Arg Lieu. Asn. Glu Ile Asp Arg Val Ser Gly Glin 
115 12 O 125 

Thr Glin Phe Asin Gly Val Llys Val Lieu. Gly Ala Ala Gly Asn Pro Lieu. 
13 O 135 14 O 

Glin Lys Ile Asp Ala Ala Lieu Ala Glin Val Asp Thir Lieu. Arg Ser Asp 
145 150 155 160 

Lieu. Gly Ala Val Glin Asn Arg Phe Asn. Ser Ala Ile Thr Asn Lieu. Gly 
1.65 17O 17s 
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Asn Thr Val Asn. Asn Lieu. Thir Ser Ala Arg Ser Arg Ile Glu Asp Ser 
18O 185 19 O 

Asp Tyr Ala Thr Glu Val Ser Asn Met Ser Arg Ala Glin Ile Lieu. Glin 
195 2OO 2O5 

Glin Ala Gly. Thir Ser Val Lieu Ala Glin Ala Asn Glin Val Pro Glin Ser 
21 O 215 22O 

Val Lieu. Ser Lieu. Lieu. Arg 
225 23 O 

<210s, SEQ ID NO 27 
&211s LENGTH: 192 
212. TYPE: PRT 

<213> ORGANISM: Salmonella enterica 

<4 OOs, SEQUENCE: 27 

Ala Glin Wall Ile Asn. Thir Asn. Ser Lieu. Ser Lieu. Lieu. Thr Glin Asn. Asn 
1. 5 1O 15 

Lieu. Asn Llys Ser Glin Ser Ala Lieu. Gly. Thir Ala Ile Glu Arg Lieu. Ser 
2O 25 3O 

Ser Gly Lieu. Arg Ile Asn. Ser Ala Lys Asp Asp Ala Ala Gly Glin Ala 
35 4 O 45 

Ile Ala Asn Arg Phe Thr Ala Asn. Ile Lys Gly Lieu. Thr Glin Ala Ser 
SO 55 6 O 

Arg Asn Ala ASn Asp Gly Ile Ser Ile Ala Gln Thr Thr Glu Gly Ala 
65 70 7s 8O 

Lieu. Asn. Glu Ile Asn. Asn. Asn Lieu. Glin Arg Val Arg Glu Lieu Ala Val 
85 90 95 

Glin Ser Ala Gly Ala Ala Gly Asn Pro Lieu. Glin Lys Ile Asp Ala Ala 
1OO 105 11 O 

Lieu Ala Glin Val Asp Thir Lieu. Arg Ser Asp Lieu. Gly Ala Val Glin Asn 
115 12 O 125 

Arg Phe Asn. Ser Ala Ile Thr Asn Lieu. Gly Asn Thr Val Asn. Asn Lieu 
13 O 135 14 O 

Thir Ser Ala Arg Ser Arg Ile Glu Asp Ser Asp Tyr Ala Thr Glu Val 
145 150 155 160 

Ser Asn Met Ser Arg Ala Glin Ile Lieu. Glin Glin Ala Gly. Thir Ser Val 
1.65 17O 17s 

Lieu Ala Glin Ala Asn Glin Val Pro Glin Ser Val Lieu. Ser Lieu. Lieu. Arg 
18O 185 19 O 

<210s, SEQ ID NO 28 
&211s LENGTH: 765 
&212s. TYPE: DNA 
<213> ORGANISM: Salmonella enterica 

<4 OOs, SEQUENCE: 28 

atggcacaag to attaatac aaa.ca.gc.ctg. tcgctgttga cccagaataa cctdaacaaa 6 O 

tcc.cagtc.cg Ctctgggcac cqctatcgag cqtctgtctt CC9gtctg.cg tat caac agc 12 O 

gcgaaagacg atgcggcagg to aggcgatt gct aaccgtt ttaccgcgaa catcaaaggit 18O 

Ctgact Cagg Ctt Cocgitaa cqctaacgac ggt at ct coa ttgcgcagaC cactgaaggc 24 O 

gcgctgaacg aaatcaacaa Caacctgcag C9tgtgcgtgaactggcggit t cagtctgct 3OO 

aacago acca act cocagtic tdacct cqac to catcc agg ctgaaat cac ccagogcctg 360 
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1. An immunoadjuvant compound comprising: 
a) a N-terminal peptide having at least 90% amino acid 

identity with the amino acid sequence starting from the 
amino acid residue located at position 1 of SEQID NO 
1 and ending at an amino acid residue selected from the 
group consisting of any one of the amino acid residues 
located at positions 99 to 173 of SEQ ID NO 1; and 

b) a C-terminal peptide having at least 90% amino acid 
identity with the amino acid sequence starting at an 
amino acid residue selected from the group consisting 
of any one of the amino acid residues located at 
positions 401 to 406 of SEQID NO 1 and ending at the 
amino acid residue located at position 494 of SEQ ID 
NO. 1, 

wherein: 
the said N-terminal peptide is directly linked to the said 

C-terminal peptide. 
2. The immunoadjuvant compound according to claim 1, 

wherein the said N-terminal peptide is selected from the 
group consisting of the amino acid sequences 1-99, 1-137, 
1-160 and 1-173 of SEQ ID NO 1 

3. The immunoadjuvant compound according to claim 1, 
wherein the said C-terminal peptide is selected from the 
group consisting of the amino acid sequences 401-494 and 
406-494 of SEQ ID NO 1 

4. The immunoadjuvant compound of claim 1, wherein 
the said N-terminal and C-terminal peptides consist of the 
amino acid sequences 1-173 and 401-494 of SEQID NO 1, 
respectively 

5. The immunoadjuvant compound of claim 1, wherein 
the said N-terminal and C-terminal peptides consist of the 
amino acid sequences 1-160 and 406-494 of SEQID NO 1, 
respectively. 
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6. The immunoadjuvant compound of claim 1, wherein 
the said N-terminal and C-terminal peptides consist of the 
amino acid sequences 1-137 and 406-494 of SEQID NO 1, 
respectively. 

7. The immunoadjuvant compound of claim 1, wherein 
the said N-terminal peptide and the said C-terminal peptide 
are indirectly linked, one to the other, through an interme 
diate spacer chain consisting of NI-L-Gly-Ala-Ala-Gly 
COOH peptide sequence. 

8. The immunoadjuvant compound of claim 1, wherein 
the asparagine amino acid residue located at position 488 of 
SEQ ID NO 1 is replaced by a serine. 

9. The immunoadjuvant compound of claim 1, wherein 
the said compound comprises an additional methionine 
residue at the N-terminal end. 

10. A pharmaceutical composition comprising the immu 
noadjuvant compound according to claim 1, together with 
one or more pharmaceutically acceptable excipients. 

11. An immunogenic composition comprising the immu 
noadjuvant compound according to claim 1, together with 
one or more antigens. 

12. (canceled) 
13. The immunogenic composition according to claim 11, 

wherein the immunoadjuvant compound is not covalently 
linked to the said one or more antigens. 

14-15. (canceled) 
16. A nucleic acid encoding the immunoadjuvant com 

pound according to claim 1. 
17. A recombinant vector comprising, inserted therein, the 

nucleic acid of claim 16. 
18. A host cell transfected or transformed with the nucleic 

acid of claim 16. 


